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ABSTRACT

Computer Aided Design And Visualization

Computers have successfully been used in the architectural practice for a wide 

variety of applications and have done much to enhance productivity and increase 

efficiency. However, most architects limit the use of computers to drafting and 

documentation purposes. This study demonstrates the use of computer graphics as a 

viable alternative to traditional visualization and communication methods in architecture.

The thesis is presented in two parts. The first part comprises o f case-studies which 

demonstrate how architects have successfully used computers as a tool for visualization 

and communication. It also reviews the underlying concepts and components of 

visualization, providing readers with the necessary background. The second part of the 

thesis demonstrates with the help of an example, the construction of a 3D model and how 

to render and animate the model. In doing so, this study reviews the tools associated with 

the given discipline.

Today’s technology brings the promise of incredible communication powers to 

virtually anyone interested in presenting a message. This study helps architects and 

designers in understanding what the technology can do. It assists them to choose the right 

tools for the job. And most importantly, it guides them in using the technology and the 

tools for effective communication and visualization in architecture.
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INTRODUCTION

For centuries, architects have carried out shape computations by hand, using 

informal procedures and the simplest o f tools. Over the last two decades, though, they 

have made increasing use o f more formal procedures executed by computers (Mitchell, 

1991). It is still too early to be sure of the gains and losses that result from this 

development, but undoubtedly this raises some challenging questions of architectural 

theory and some perplexing issues for those concerned with the future of architectural 

education.

If  multimedia can be defined as communication through more than one medium, 

then architects have been multimedia experts for centuries (Jeff Burger, 1993). Buildings 

structures are complex, visually, technically, and functionally, so designers have always 

described them through a variety of drawings, scale models, and writings. These 

traditional methods of communication have several drawbacks. With the advent of 

computing technology, new tools have been developed for communication and 

visualization in architecture.

Preference should be made for computer graphics in architecture as an active tool 

for design and visualization rather than reducing it to presentation purposes. Visualization 

programs that support decision making during the design process are being developed. 

Computer graphics is the most important tool to demonstrate similarities and relations 

between building performance factors.

m  Computer Aided Design & Visualization........................... .................................................
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In United States, more that three quarters of the architectural firms have installed 

CAD systems of some form (Mitchell and McCullough, 1991). The single most successful 

application is the creation and editing of two dimensional drawings. In this respect, 

similarities to the introduction of word processing programs into the office environment 

are obvious (Mitchell and McCullough, 1991).

The university situation is different and might point to future directions in offices 

as well. Programs that support interactive three-dimensional modeling and rendering tools 

dominate teaching labs. Integration issues including the linking of graphical and non- 

graphical databases are a standard part o f CAD teaching. Teaching and research can 

concentrate on principles without facing the complex barrier posed by concrete 

architectural projects. Architectural practice cannot afford to accept solutions in principle.

It must deliver completely documented and specified answer to complex problems.
-

As research and practice discover more applications for computer graphics, the 

view of the design process and the process itself change. The tool begins to influence the 

task. Visualization has improved the understanding of complex relations in architecture 

and can lead away from the one dimensional view of performance factors in design.
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Drawbacks Of Traditional Methods

Traditionally architects communicate their designs through hand drawn presentations and 

scale models of projects. These have several drawbacks and limitations.

• • Traditional hand drawn presentations are only artistic impressions o f what a project

will eventually look like, often showing a less than realistic image o f the project.

• Models are very small scale representation of an environment. Viewers cannot 

experience the project from a street level perspective.

• Traditional methods of visualization and communication require more time, both for 

creating and understanding, as compared to computer based visualization.

• Lack of client understanding and participation during the process of design.

Significance And Advantages Of Computer Graphics As A Visualization Tool

• Computer graphics is an important tool to demonstrate similarities and relation 

between building performance factors.

• Computer-aided visualization can facilitate understanding of complex relations in 

architecture.

• Computer-aided design can help to model and visualize ideas in three dimensions.

• Computer renderings can be generated in a short period of time, and models can be 

viewed from various angles and directions, including interiors of building.
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The combination o f real scenery and simulated architecture can be used to demonstrate 

contextual responses o f proposed buildings and to display issues related to scale and 

human interaction.

• Computer-aided design and visualization helps in reducing overall time required, from 

start to finish of a proposed project.

• It enables a larger role of clients in the planning process.

• It can help clients visualize and understand better.

• Modifications of design can be quickly previewed.

• Animation allows us to show dynamism of a particular process. It adds the dimension 

of time to a particular project.

• It is easier to view a short video as compared to going through pages of a long

J B  Computer Aided Design & Visualization,
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Objectives

The objective of this study is to demonstrate the use of computer graphics as a viable 

alternative to traditional visualization methods. This study also hopes to prove with the 

help o f case studies how the use of computer aided visualization and communication 

greatly reduces the overall time required from start to finish of a project. The study also 

aims to analyze and evaluate with the help of case studies the inherent characteristics of 

the medium and its potential performance in architectural presentation context. Finally, 

with the help of a project, the study demonstrates the evolution of a 3 dimensional model 

from two dimensional floor plans. The study hopes to demonstrate how such models, 

renderings and motion models are more informative and can communicate better than 

traditional artistic drawings.

The introduction of computer graphics has almost reversed the traditional handling 

of three-dimensional objects in architecture. Although designers think in three- 

dimensions, drawings were the two-dimensional projection of this process and three- 

dimensional physical models were then built based on those drawings. It is now common 

to model and visualize design ideas three-dimensionally first.

Architectural design is one of the most challenging applications for computer 

graphics. Researchers and architects describe design as a dynamic process that 

incorporates not only imagination and intuition but also formal top-down and bottom-up 

approaches which the new medium is able to support (Malcolm et al, 1991). Computers

W .  Computer flided Design atfisualization....................... ..................................................
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used for design must support interactivity, semantic, and multi-dimensional modeling 

(Mitchell, 1991).

In the commercial world, many architects consider a computer aided drafting 

application to be a documentation tool. They understand that generating and maintaining 

a multiplying number of accurate working drawings is easier to do using a CAD system 

than it is to do on the drafting board. But a surprisingly small amount o f architects choose 

to design in AutoCAD. The user interface, even with the introduction of third party 

applications such as ASG, Softdesks's Auto Architect, and Architectural power tools 

seems cumbersome and awkward.

Computer aided visualization tools, such as 3D Studio and Wavefront, are moving 

gradually into architecture and urban planning offices across the country. Yet, here again, 

many architects consider these tools to be useful in documenting their designs. When an 

architect or an urban planner needs to communicate to their clients how a building will 

look or how it will work in an existing environment, they see these tools as useful. But 

they do not incorporate them, as a matter of course, into the visualization process.

Conclusion

In short, many professionals seem to believe that proper design happens on the 

drafting board, the sketch pad, or on the back of the envelope. Designs are occasionally 

explored in scale models and the human imagination is sometimes augmented by swatches 

and samples from material suppliers. Even in these last minutes of the 20th century, many

^  Computer Aided Design & Visualization........................................................................
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architects and urban planners still perceive computer visualization and design tools as too 

difficult to understand, too awkward and too limiting for true designers to ever use 

effectively.

But times are changing. More and more architects are using computers for 

visualization, presentation, communication, and to design better. The case studies 

presented in this thesis give examples of how architects, educators, and urban planners 

are using computers to visualize and communicate their designs. Not only professional 

architects are using this medium, but an increasing number of schools have already 

incorporated computer visualization as a part of their architecture curriculum.

The reducing cost of computer hardware and software has made it possible for 

even very small architectural firms to invest in visualization tools. Visualization software 

are now available for PC platform similar to those available for high-end workstations. 

With the emergence of systems incorporating the new Pentium chip, we will finally see 

PC’s capable o f providing the throughput needed to support workstation class graphics on 

desktop.

This thesis is divided in two parts. The first part will comprise of three case 

studies. As mentioned earlier the case studies are examples of how architects have 

successfully used computers as a tool for visualization and communication. The case 

studies are from different disciplines of architecture. Each case study has a different 

approach and requirements for the use of computers. What is important, however is the
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method used in producing animation and how successful has it been in visualization and 

communication of the overall design

The second part of the thesis illustrates with the help o f a project, how computer 

aided design tools can be used for visualization and communication in architecture. It 

describes the basic concepts of computer graphic visualization. It reviews the tools of 

computer graphics and visualization, and elaborates on how to efficiently harness these 

tools for better communication of the design. This will give the reader a solid grounding 

in the tools of today and a framework in which to assimilate new products as they evolve. 

Also with the help o f a project, this study shows the making of a three dimensional model 

from two dimensional floor plans.

Finally, the thesis concludes with appendices, with recommendations for additional 

readings, professional organizations involved in computer graphics and architecture, and a 

listing of associated software products available currently. It is sincerely hoped, that this 

study will help to encourage the creative and efficient use of computer graphics in

Computer Aided Design & Visualization........................................................................

architecture.
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P a r t i
INTRODUCTION

Computer-aided visualization tools are moving gradually into architecture and 

urban-planning offices across the country. More and more architects are using computers 

for visualization, presentation, communication, and to design better. The case studies 

presented in this part gives example of how architects, educators, and urban planners are 

using computers to visualize and communicate.

This chapter aims to analyze with the help of three case-studies, the inherent 

characteristics of the medium and its potential performance for architectural 

representation. The case-studies are chosen from different disciplines in architecture, 

engineering and education. Each is evaluated in terms of the project success, time 

involved, finance, investment, and client response. The different methods and strategies 

used in the projects are analyzed.

The three case-studies are:

1. Pencils, Erasers, and Notebook Computers.

2. A New Dynamism.

3. Visualization Wins Approval.

The first case study is taken from the architectural education discipline. It 

describes how the architecture school at the Mississippi State University (MSU) has 

integrated computer graphic education into the core architectural curriculum.

The second case-study is about computer graphics and architectural animations. It 

explains how animation can show the dynamics o f a particular process. It demonstrates
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how animation can add a dimension of time to the presentation and can help communicate 

the design better than any other media.

The third case-study describes how the use of computer graphics and animations 

helped in the design of the new Olgebay Glass Center. It shows how the use of three 

dimensional visualization and animation throughout the design phase helped instill 

confidence and understanding that moved the project through the approval phase. These 

case studies are examples of how architects have successfully used computer graphic as a 

tool for communication and visualization.
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CHARTER 1
CASE STUDY I: PENCILS, ERASERS, NOTERRDK COMPUTER

The place of computers in the architectural education process is an issue that 

continues to surface in architectural schools throughout the country. Although students 

must still master traditional architectural design skills, there is a good chance that they 

will actively use CAD technologies to supplement their skills once they graduate and enter 

the workplace. Computer literacy is a necessity if architectural students hope to compete 

effectively in the world outside the classroom.

Almost all o f the architecture schools in the United States today include some level 

o f computerization in their programs. The typical program provides its students access to 

a computer lab containing the hardware and software necessary to carry out required 

design tasks. This strategy, however, limits students somewhat, partly because of the 

physical separation of the computational hardware from the students' design studios and 

partly because the computer lab is often locked up after business hours.

The school of Architecture at the Mississippi State University (MSU) has provided 

a unique solution to this problem: As a mandatory curriculum requirement, student in the 

architecture program must purchase their own portable personal computers, and these 

systems must be powerful enough to run CAD and modeling software such as AutoCAD,

* Alias Upfront, and MicroStation (Aukstakalnis, CADalyst 1993).

The underlying goal of this mandate is to bring student into a state of intimate 

familiarity with the computer, so that it serves as a natural extension of their intellect and 

creativity as well as a standard tool in the design process. This goals holds particular

* Alias Upfront is a 3D modeling program by Alias research, Toronto. Microstation is a PC level 2D 
drafting and 3D modeling program by Intergraph.
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merit when you consider that designs can be produced much more rapidly on a CAD 

system than by hand.

MSU's program encourages students to use their portable computers throughout 

the curriculum. Design studio classes require students to have their systems on their 

desks, and training seminars and training seminars and tutorials help else-where on 

campus and in other locations also require students to access their systems.

Michael A. Berk, an assistant professor and developer of the program at the 

MSU, states that when the new requirement was introduced to the incoming freshman 

class last year, not one student protested (Aukstakalnis, CADalyst 1993). To the 

contrary, the students' biggest concern was what type of machine to purchase.

Implementation of MSU Program:

At the beginning of each fall semester, the School o f architecture sponsors a 

computer workshop to familiarize its students with the basics o f hardware and software 

technologies and the school's goals regarding the curriculum requirements of minimum 

hardware and software requirements and prices (Aukstakalnis, CADalyst 1993).

Numerous laptop and notebook computer manufacturers have arranged sizable 

discounts and attractive financing programs for the students, and major software 

companies such as AutoCAD and Alias, have provided generous site license grants to the 

school of Architecture to support this project. The net result is that the student can 

acquire 'the full professional software packages at significant discounts. Autodesk also 

includes AutoCAD seminars as part of its software package.

Another important part of the program is to provide students access to peripheral 

equipment such as scanners, laser printers, and plotters. To this end, the school has

< D  Computer Aided Design & Visualization.
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established a test network consisting number of "docking stations" (located in the 

architectural library) where students can plug in their computers and send jobs to various 

output devices and exchange designs among themselves. Furthermore, because of the 

campus network is connected to internet, student can access these devices from their 

home via modems and exchange e-mails with other students, faculties professional around 

the world, and the manufacturer of the hardware and the software they use.

Students use their portable computers for tasks other than design, such as taking 

notes during lectures and gathering data for 3D models of small towns in Mississippi that 

they visit on field trips (Aukstakalnis, CADalyst 1993).

The computer program at MSU's architecture is clearly a prescription for success 

in the 1990 and beyond, and the impact this program will have on the ,over-all educational 

process is far reaching. Because computer technology are integrated into the core 

architectural curriculum, students graduate with the solid understanding of and ability to 

apply state-of-the-art design techniques that are becoming more common place in the real 

world. And now that the National Council o f Architectural registration Boards have 

announced that it will issue the architect's registration exam on computer in all states 

beginning 1995, MSU is one jump ahead of the rest of the crowd.
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CHAPTER 2
CASE STUDY II: A NEW DYNAMISM

The 19th -century painter Claude Monet built his reputation by animating the play 

of the sunlight and color on the faces of the Rouen Cathedral. Monet fixed paint to static 

canvas, yet took the bolder step of atomizing color and splitting light into hidden 

complements, giving an impression of shifting shadow and light on the face of the 

cathedral as the viewer matched scenes from early morning through the dying rays o f 

sunlight.

Today, Monet's dynamism lives on in the field of architectural animation. Just as 

the artist introduced the concepts o f process and temporal change into static architectural 

imagery, so, too, today's architect/animators able to rehearse and "stage" a building or 

worldscape by animating light and color, introducing structural detail, and showing 

construction process over time.

Unlike Monet, though, architectural animation bends towards surrealism. 

Buildings erupt from molten glass and metamorphose from the growing up; visual effect 

tend to coolly lighted, objective architectonic, like the works of Salvador Dali or Paul 

Devaux.

In the United Kingdom, Terry Farrell and Company (London) architects, working 

on the proposed Edinburg International Conference Center, recently commissioned a 

dramatic, four-minute animation from Magic Lantern, a London-based computer graphics 

production company, to sell to prospective investors and government agencies the 

concept of a new, flexible conference space (Fulton, Cadence 1993). Using an Autodesk 

3D Studio animation platform based on '386/'486 PCs, Magic Lantern created a video
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that literally deconstructs the fortress-like conference theater and illustrates its dynamic 

architectural properties(Fulton, Cadence 1993).

p *

■

wmi
Fig 1. An animation proved useful to help evaluate different parameters, such as structures, materials, 
colors, to be used in the design of this proposed office complex in Uppsala, Sweden.(Computer Graphics 
World, Pennwell Publication 1992)

Fig 2. This interior visualization of the office building, created by Paris based Derbi Informatique using 
TDI software, was produced for Norman Foster, a prominent London architect. Derbi animated Foster’s 
design for a presentation to be entered in an architectural competition.(Computer Graphics World. 
Pennwell Publication 1992)
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Fig 3. Architects with Howard Associates used AutoCAD and Wavefront software on Tekronix systems 
to create an animation showing how product prototypes - the chandelier, the doorknob-would appear in a 
home setting. (Computer Graphics World. Penn well Publication 1992)
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Instead o f the viewers just moving through the building, the video shows how the 

building actually works, says. The animation starts out with a fly-around of the proposed 

theater space, with the narrator showing how it blends into existing architecture. The 

camera sweeps into the entryway, and you move it from the perspective of the 

[conference] goer. The roof of the facility then comes off, [revealing] how the flexible 

design allows multiple seating and stage configurations. For example, accordion-like 

dividers are collapsed to turn three separate theaters into one large theater; and circular 

stages rotate to fit the new seating pattern.

v

Animating Ancient Cities

New or proposed building designs stressing dynamism are not the only subjects for 

animation. In Europe and Japan, animated reconstruction of historical cities have become 

a new accent of interest. The French animation company Ex-Machina, for example, 

produced a stunning 2D/3D animation that showed the city of Paris as it appeared in 1789 

to help commemorate the French Bicentennial. In Tokyo, the general construction 

company Taisei Corp. now animates ancient cities for commercial broadcasting purposes. 

Running Thomson Digital Image's (TDI); New York Explore animation software on a 

silicon Graphics Iris platform, Taisei reconstructed the Mesopotamian city of Ur for an 

National Broadcast of Japan (NHK) television documentary two years ago (Aerial 

Emmett, Computer Graphics World, Pennwell publication, 1992).

Meanwhile, in the United States the wealth of architectural animation application 

continues to grow, with PC based desktop studios with simple, rough-cut animation and 

rendering capabilities , to full blown video edit and post production facilities—complete 

with such functions as single-frame editing, music, dubbing, logo insertion, and voice
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overs—operating with large architectural firms or service bureaus. Seattle's The Callison 

Partnership, for example, now employs a network of 22 Intergraph workstations and 

software program (including Intergraph's animation package, ModelView 32) to churn 

out internal design studies as well as fully rendered, professional quality animation for the 

client presentations. In Houston, a six-man design/animation boutique. Archimage, has 

developed its own unique "interactive design animation" approach to design. In effect, 

design unfold dramatically, in real time, within the confines of a central studio or design 

theater. Here, architects, clients, and engineers actually collaborate over food and sodas 

as a new project takes shape. The group brain-storms conceptual models, then executes 

them to the last construction detail (including finished drafting and construction 

documents) within an AutoCAD and 3D Studio animation environment. Animations are 

played back using Autodesk Animation Pro as the designs take shape.

Whatever the application however, architects are already wrestling with a 

complex array o f economical and technological issues. As prospective clients become 

increasingly "video sophisticated," many are demanding animated production of large 

projects as a matter of course. "There is a higher emphases on marketing very effective 

communications," notes The Callison Partnership's Eric Hanson (Aerial Emmett, 

Computer Graphics World, Pennwell publication, 1992). The demand for animation is 

increasing, in part because of tighter economy and toughing approval processes—a need 

to sell the idea not only to architect's client but to dozens of decision makers, including 

commercial tenants, city planning officials, zoning and regulatory agencies, and 

investors, among many others.

li— ii
m  Computer Aided Design & Visualization.
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In addition, animations give architects and their clients an additional edge: 

reproducibility. They can create as many copies of video as you want and give them to 

prospective tenants. It's easier to see a three minute tape than pages o f brochures.

Despite the growing demand for animations most architectural firms are faced with 

a dilemma of how to cost-effectively produce work. Many companies appears to be 

experimenting with desktop/PC-level animation tools. There is a trend toward architects 

increasingly performing these functions themselves using desktop computer rather than 

relying in specialist," claims Autodesk's Bob Bennett.

But not many architects are doing animations in a big way in-house. Part of the 

problem is the degree of expertise and training it takes. You pretty much need to have 

somebody working on it full time in order to make it cost-effective. Professional—style 

animation, requires sophisticated rendering tools that can read a variety of CAD files and 

do modeling quickly. Recommended are high-end animation packages, such as 

Wavefront's, running on fast Silicon Graphics platforms. Instead of hours to generate a 

frame, it can do it in seconds and minute.

Many companies affirm this view. Some, like Kohn Pedersen Fox Associates, do 

the ground work for animations by generating rough cuts and test frames in house, then 

seeks outside professional to finish the job. "We build the conceptualize model here, but 

we do not do full-blown record to video," remarks Hernandez. "We don't have the 

expertise in-house to do it right." Instead he uses Intergraph's ModelView animation 

software "to work with data itself and pick our views, and see what are video will look 

like" (Aerial Emmett, Computer Graphics World, Pennwell publication, 1992). 

Hernandez builds the three dimensional model, developed color schemes and rough 

scripts based on test frames, then hands over his CAD files to post-production facility (in

B  Computer Aided Design & Visualization,
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one instance, Intergraph Corporation itself) that has the computing horsepower and 

expertise required to generate literally thousands o f frames.

"It's definitely a trend to hand over 3D CAD files to a service bureau," Hernandez 

says. The Callison Partnership's Eric Hanson agrees. "Of the large architectural firms 

around the company with 100 to 300 employees, probably only five or six are involved in 

animations," he says. Many of the company lack the talent or the equipment to set up 

separate animation studios. Some seem to be satisfied with handing over 2D or 3D CAD 

files to specialized service bureaus, which generally lacks architectural expertise but know 

how to grind out good video.

The New Service Bureau
Perhaps the most visible example of this new style of service bureau/architectural 

design firm is Archimage. At Archimage, a design firm that had began with PC-based 

CAD back in 1983 and stayed with it, studio animation remains on the desktop, with a 

whole new generation of comparatively inexpensive, efficient tools that produce 

architectural design and animations easily and accurately (Aerial Emmett, Computer 

Graphics World, Pennwell publication, 1992). These tools now include the latest release 

o f AutoCAD for Archimage's drafting and modeling, as well as Autodesk 3D Studio as a 

rendering and animation tool.

Some definite advantages of the desktop approach are speed, flexibility of 

modeling, and control over design. Many of the projects can be designed through 

interactive or real time design: It's simply nothing more than having the client in the room 

as you work..

H  Computer fliiled Design & Visualization
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"We have a 10-seat design theater, equipped with a 37-inch computer monitor and 

a conference table, and we meet and work on a design table interactively. Because we 

have the tools to communicate clearly what is happening, we can burst out of this ivory 

tower T-work-alone-in-my-room' concept. We think there is a new way to design here" 

(Buday, Archimage).

In-fact, Buday's concept has already shown swift and startling results. Cleburne 

Cafeteria, a local landmark building in Houston that burned down about a year ago, was 

redesigned by Archimage using the theoretical or "center-stage" concept—with designs, 

construction documents, and permits fully completed within 18 working days. Normal 

design time would have taken three months. But Archimage streamline the approval 

process by making all design modifications with the clients and other key decision-makers 

present.

A Team Effort

At Archimage they had the clients, engineers, consultants, architectural 

designers, and the clients mother—the whole team together. With one workstation in the 

operating theater, an operator/architect translated the design directors idea into computer 

form as other team members suggested (or loudly declaimed) their inspiration and ideas.

Until recently most CAD packages were oriented toward detailed design drawings, 

not conceptual models. Because animation packages accept CAD files (generally by 

translating the files in a DXF or other proprietary format), designers/animators lacked 

quick, effective tool to sit down and simply "blue-sky" an idea.
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But what architects/animators really need are conceptual models—"3D sketching," 

It's block and texture and quality that lend a feeling to a model. You can't get exact unless 

you get approximate, and you can't win the project until you can show your ides.

Some new animation packages, such as Alias Upfront, Softimage (Montreal), 

and Autodesk 3D Studio, among others, do offer conceptual modeling capability and are 

robust enough to let design professional use them effectively.

Indeed, every architectural firm operates differently—and must justify its own 

methods of expression. For most, accuracy is important, if not paramount. "Accuracy is 

often more important than the degree of realism in the image," notes Bob Bennett of 

Autodesk. "Will a building cast a shadow on a certain date that will cross over a 

courtyard and make it too chilly to have lunch there? That requires accuracy."

Fi« 4. A castle typical of 13th century Dadu (Beijing today) highlights a recent animation from Taisei 
Corp., a Japanese firm uses TDI’s Explore software to reconstruct ancient cities for commercial 
hrondnactimr mimnses ('Cnnmnter Cirnnhics World Penn well Publication 1002)
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Fig 5. Created for design analysis and presentation purposes, this images, which comes from an 
architectural animation depicting how Seattle’s Pacific First Center would appear once it was constructed, 
was generated by Collision partnership architectural firm using Intergraph workstations software 
programs. (Computer Graphics World, Pennwell Publication 1992)

Fig 6 & 7. By animating light and color, architects can help clients more clearly visualize how a 
structure’s appearance may change from daytime to nighttime. The Seattle-based architectural firm The 
Callison Partnership created these images using Intergraph hardware and software.
(Computer Graphics World, Pennwell Publication 1992)
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Conclusion

Animation is a new way of thinking about design. With one workstation in the 

(theater, an operator/architect can translate the design director's ideas into computer form 

as other member of the team actively contribute. Rather than being a tradition witness to 

the design process, clients become knowing participants. This has led to new 

opportunities to deliver real time architectural services. Historically, architects have relied 

on scaled physical models to allow them to test physical concepts. But computer 

modeling and animation give you the experience of the building in the same way as the 

project is constructed.

Animations are relatively costly to build, modify, and maintain, so designers must 

consider whether the time and cost expended on them will be justified by the value of 

visualization and analysis results obtained from them. However, these costs are likely to 

drop as technology advances. And at the same time demands for more thorough 

evaluation are likely to grow. So there will probably be a more widespread use of 

animations by designers in the future.

This is just not a better hot knife and drafting board. This is literally an 

opportunity to explore. It is going to have an aesthetic effect, a change in the architect's 

philosophy. Indeed, the lines between the arts are blurring.
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CHAPTER 3

CASE STUDY III: VISUALIZATION WINS APPROVAL

When commissioned to design and animate the new Oglebay Glass Center, which 

was to be built in Wheeling , West Virginia, the team of Bennardo & Churik Design and 

Summit Graphics Inc. saw the potential to combine their talents. Bennardo & Churik 

Design is an interior design firm specializing in retail design and planning. Summit 

Graphics provides three dimensional computer rendering and animation services to 

architects and designers. The new glass center provided a challenge uniquely suited to the 

combined talents o f these two firms.

The design was developed from historic photos of a carriage house that was 

formerly located on the Oglebay property. The placement of the new glass center directly 

adjacent to the historic visitors center created some concerns among the park 

commissioners about the architectural compatibility of the two structures. These concerns 

coupled with the concerns regarding the sensitive nature of the landscape and the need for 

committee approval of the project, necessitated the use of computerized rendering and 

animation.

Fi” 8. A wire-frame rendering of the Oglebay Glass Center site. (Cadence. Cadence Publication 1993)

Fig 9. A fully rendered image of the Glass Center site with the existing visitor's center foreground. 
(Cadence. Cadence Publication 1993)
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The project included interior and exterior animations o f the new and existing 

facilities. The exterior animation was created to illustrate the visual impact o f the project 

on the existing site and the interior animation demonstrated the display possibility of the 

first floor gallery. Because of the size and complexity o f these drawings the interior and 

exterior models were created separately (Conner and Yawgner, Cadence 1993).

The exteriors of both buildings were created in AutoCAD R 11 from the two 

dimensional floor plans and elevations, using extruded lines, closed polylines and 3D faces. 

The site was also created in AutoCAD using 3D polylines , ruled surfaces and edge 

surfaces. Three dimensional boundaries were created at key points, such as the grading 

against the building and points along roadways and pathways, using AutoCAD 3D 

polylines. These boundaries were then used to create the ruled surfaces and 3d meshes of 

the landscape.

The interior presented a different challenge. In addition to creating the building 

interiors and display fixtures, it was also necessary to fill the store with glassware to give 

more accurate representation of the design. The volume of detail required to create this 

impression and the resulting 3D studio file size presented a challenge not only for the 

person creating the model but also for the animation hardware and software. The finished 

interior model used more than 250,000 faces and required more than 70 megabytes to 

render without a swap file (Conner and Yawgner, Cadence 1993). Pieces o f the model 

were created in AutoCAD and 3D Studio and were together in the final 3D Studio file. 

The speed and accuracy of AutoCAD made it the clear choice for creating the bulk of the 

structure and fixtures, while some of the unique modeling capabilities of 3D Studio made 

it ideal for creating oddly shaped objects such as wing backed arm chairs.

S .  Computer Aided Design & Visualization.
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The final interior plan was imported into 3D studio without the glassware using the 

DXF converter built into 3D Studio V2 . The glassware was not added to the AutoCAD 

drawing because once in 3D Studio, each piece would require separate mapping 

coordinates. Instead a separate 3D file was created for each of the different glass shapes 

and packages. Each object was then given its own 3D Studio mapping coordinates before 

being merged into the final interior drawing. They were then copied throughout the 

interior and assigned various colors and textures without having to reapply mapping 

coordinates. The glass pieces were constructed with a minimum number o f faces and 

smoothed with 3D Studio smoothing groups, which allowed a high level o f detail even 

though each piece of glass required no more than 200 faces.

Colors and textures were applied to objects in a variety of ways. 3D Studio can / 

create object textures using ambient diffuse and specular color reflection as well as any 

combination of texture opaque bump and reflection mapping. One of the best ways for 

setting up materials in 3D Studio is to organize the AutoCAD drawing so that each layer 

represents a different material. When the AutoCAD drawing is imported into 3D Studio 

using the DXF convertor and choosing the layer option, an object is created for each layer 

o f the drawing and retains the layer name as the object name. Because this method results 

in objects with logical names, the assignment of mapping coordinates and textures to even 

the most complex models can be done quickly and efficiently.

Creating an animation in 3D Studio is a process of establishing a series of 

keyframes through which the camera or objects will travel at specific points in time. As 

these keyframes are created 3D Studio automatically creates a smooth spline path through 

each keyframe, calculating the position of the "tweens" (frames between the keys). 

Changes made to the keyframes are instantly reflected in the tweens. Each object in a



29

scene can have its own keyframes and paths. A keyframe for one object does not 

necessarily have to be a keyframe for any other object. This ability to specify 

independent points in time for the movement o f the camera,, target point or object makes 

creating a complex animation relatively simple and intuitive.

The finished animation begins with a wireframe view of the site from overhead, 

drops down to eye level, then cross fades to a fully rendered image while continuing to 

move. This effect was created by rendering two seconds worth (60 frames) of animation 

in both wire frame and fully shaded modes where the transition occurs. These frames 

were then overlaid on one another using 3D Studios video post fade in option.

Once it is fully shaded the animation completes a frill circle of the site, arriving at 

the front door of the glass center. As the camera approaches the doors open automatically 

revealing the interior gallery. The animation continues through the interior and ends with 

the view of the historic Olgebay buggy. This smooth transition between interior and 

exterior was created by merging the exterior animation path into the interior drawing. The 

interior animation was then added to this path creating a single animation path of the 

interior and exterior. To create the transition frames where interior and exterior are seen 

simultaneously, a third model was constructed by merging the interior model into the 

exterior model. Because both drawings were created from the same original AutoCAD 

2D floor plan, they had identical origin points and merged exactly in place.

A total of 1,935 frames were required to produce an animation slightly longer than 

1 minute at 30 frames per second (Conner and Yawgner, Cadence 1993). These frames 

were rendered to the disk on three separate 486 machines using 3D Studio's batch 

rendering mode. On 486/50 machines, the frame time ranged from low of 10 minutes for 

some exterior frames to a high of 30 minutes for some interior frames. Once the frames

W t  Computer Aided Design atfisualization-  ........................................................
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were rendered they were recorded frame by frame onto video tape using a Sony EVO9650 

recorder and Diaquest controller software.

Conclusion

The use of three-dimensional visualization and animation throughout the design 

phase was instrumental in creating a design that enhances rather than competes with, the 

existing site. The animation created a clear, accurate representation o f all elements 

involved in the design, and helped to instill a level of confidence and understanding that 

moved the project through the approval phase. Animations add a dimension of time to the 

presentation, and they communicate better than any other media, be it an artist rendering 

or a physical model.

Although this raises an interesting yet unanswered question - Where in the design 

process should animations be used?

Some architectural animators begin early by using animations to conduct such 

design studies as masses and scaling, light analyses, and ergonomic and construction 

studies. But generally, animations are focused towards representations. They are used to 

sell the project rather than just documenting it after it's designed.

Movement has its own special quality. Because of movement, your eye is much 

more excited than when viewing static imagery. Movement provides a sense of masses 

scaled in space, and more subtle feeling of mastery oyer a kinetic, soon-to-be-formed 

visual environment. But there is one dilemma: The problem with architecture is that there
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are not that many moving parts. Generally speaking, architecture is a static entity; its 

dynamics come from the building change during the day in terms of lighting and character.

The challenge for architectural animators, then, is to exceed the standard cliches 

of animating static imagery—walk-throughs and fly-bys—and reveal something innate about 

the architecture itself. At its best, an animation can do more than merely sell a design 

idea. It recreates the processes of construction and engineering before the clients' eyes, 

previews a landscape, teaches architects where designs fail, and provides a new way of 

scripting a new structure dramatically, between clients and architects, in real time.

This case study has clearly demonstrated the usefulness of animation in the 

architectural design process. The technology will undoubtedly grow as people investigate 

how animations can help their particular design preparation and visualization techniques.

a  Coiiiuuter flitled Desiyn & Visualization. _ ................. .............................................
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CHAPTER 4
OVERVIEW OF CASE-STUDIES

In this section, the characteristics of computer graphics as a medium and its 

potential performance in terms of architectural presentation context are analyzed and 

evaluated. As seen from the case studies, visualization, which combines modeling, 

rendering, and sometimes animation, is now one of the hottest topics in computer 

graphics. This process which allows manipulation of objects possessing real-world 

properties such as texture and shadow in virtual 3D space, is proving its value in 

architecture, product design, and multimedia. But, in spite of all the press, confusion 

persists about what visualization is and who uses it. This problem is certainly no surprise 

when you consider that 3D photo realistic visualization often combines the skills of an 

experienced CAD modeler with those of a photographer, airbrush artist, and animator. 

Interestingly, current visualization products are dramatically improving the functionality of 

and access to professional 3D image making. This trend, coupled with stable translation o f 

3D geometry in file formats such as DXF, is making, visualization a valuable tool for 

graphic users of all disciplines.

Visualization and rendering programs come in a surprising variety of price, 

performance, and functionality and on platforms from the Amiga, Macintosh, and PC to 

UNIX-based machines such as the Silicon Graphics Indigo. Rendering capabilities range 

from the basic, flat-shaded geometry common to many entry-level programs to the 

startlingly realistic woods, marbles, and metals of the more sophisticated packages.

Features, including image or texture mapping, bump mapping, and multiple 

shadow-casting spotlights are becoming essential functions and not glitzy "options.

□
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Advanced functions, such as adaptive ray tracing, wind, and collision objects, are far less 

common. The fact that a given program may lack certain high-end features does not 

necessarily limit its usefulness. In fact, a less expensive program with fewer features that is 

easier to learn could be considered an asset for less demanding projects or occasional use. 

With greater sophistication comes a more accurate and complete model of the real world, 

at the price o f a steeper learning curve.

In addition to the visualization programs that integrate modeling, rendering, and 

animation into a single product, some programs only feature rendering or combine 

rendering and animation, which allows users to focus on just the functions their specific 

work process requires. Considering all the variation in visualization programs and the 

complexity o f the process, choosing a suitable PC program to use with AutoCAD can be 

complicated. An understanding of which program features are appropriate and useful 

begins with a look at the visualization process and its key components : modeling, 

rendering, and animation.

B  Computer Aided Design & Visualization
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Key Components Of Visualization:
•  Modeling

• Animation

• Rendering

Modeling

Modeling is the most essential process in 3D visualization. Here, 2D and 3D 

geometry are created and combined into the armature on which photo realistic imagery is 

built. The modeling phase for many CAD projects may consist entirely file translation 

between AutoCAD and a visualization program. File translation has improved 

considerably over the past few years and most visualization programs effectively support 

translation formats such as DXF. The modeling tools offered by many visualization 

programs offer distinct advantages of speed and flexibility even for seasoned AutoCAD 

designers. For example, some of these tools expand on the number o f 3D primitives that 

AutoCAD provides and can simplify modeling techniques such as extrusion along complex 

paths or lathing of intricate contours. Editing geometry in rendering programs often 

carries this flexibility further by providing sophisticated face, object, and vertex-level tools 

for selection, grouping, and transformation. Furthermore, functions such as the ability to 

stretch, twist, and bend geometry independently along any axis can dramatically speed and 

enhance the design process. An excellent example of such functionality comes from 

Autodesk's own 3D Studio, which not only contains a comprehensive set of modeling 

tools but offers one o f the most complete bi-directional DXF translators available.

High-quality 3D clip objects like automobile of any model type, manufacturer, or 

year to detailed models o f the Earth are an alternative to the manual modeling process.
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Available from companies such as Viewpoint of Orem, Utah, these ready-made objects are 

extremely useful in lending a sense of reality to scene that depict architectural and product 

subjects or for providing a starting point for custom models. A series o f remarkably 

realistic 3D human models is available from Wizard of San Jose, California. This company 

provides a selection of hierarchically linked, clothed or naked, male or female models that 

are useful in applications from the still imagery to animation. The Wizard humans are 

efficiently modeled and supplied with textures for skin, facial details, and clothing and 

combine an excellent mix of detail and rendering speed.

Finally procedural modeling offers a unique method of applying and manipulating 

geometry from visualization. These special-purpose computer programs allow the user to 

easily create particle systems that simulates snow, rain, or fireworks. Silicon Garden, a 

program that grows trees, flowers, and shrubs to order and other procedural modeling 

programs for melting and smoothly reshaping geometry are available from the Yost Group 

of San Francisco. These programs also provide lens flare, water, and disintegrate effects as 

add on software for 3D studio.

Rendering

From modeling, the visualization process moves into scene building and from there 

to rendering. Scene building is positioning a camera or viewpoint and specifying lighting 

and surface appearances prior to rendering. Rendering is the digital equivalent o f 

photography, in which a virtual camera is used to create a 2D view of a 3D scene. In 

computer-generated imagery, how-ever, the lighting and texture implicit in the real world 

are replaced by a series of intricate computations, resulting in a 2D bitmap file that can be 

imaged to photographic film or recorded on videotape. Most rendering programs provide



37
^  Computer Aided Design & Visualization.

interactive control over camera-view perspective variables, such as lens focal length, 

target, and viewpoint, allowing users to effectively mimic their real- world counterparts. 

Digital lighting ranges from basic control over ambient or overall light to sophisticated 

control over multiple shadow-casting spotlights, each with a Variable cone angle, 

brightness, and color. In addition to the realism that the shadow-casting capability can 

provide, it allows a user to further customize Scene lighting by adding off-camera shadow

casting elements, such as barn doors or mattes. As in a photographer's studio, these 

elements limit and shape lighting coverage to specific scene areas and can a add emphasis 

for a dramatic effect. The next step in 3D visualization is defining and applying surface 

appearances which involves a staggering number o f variables and processes. This step 

profoundly affects the quality of digital imagery more than any other variable. It begins by 

defining the qualities of luminance and color for ambient (object shadows), diffuse (basic 

object color), and specular (object highlights) light that a given surface reflects. Most 

programs provide a mix of pre-made materials as well as the capability to create entire 

libraries of custom materials that can he applied to any model.
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Key Components Of Rendering:

• Shading

• Mapping

Shading Algorithms

Visualization programs offer several shading algorithms like:

1. Flat

2. Gouraud

3. Phong

4. Ray-tracing are the most common.

Flat shading, the fastest method, renders each polygon in the scene with a single color.

It produces an image that gives a basic impression of volume and lighting qualities with 

faceted geometry that lacks such attributes as shininess or texture.

Gouraud shading expands on flat shading, producing much improved, smooth-looking
!

models that are still lacking such photorealistic qualities as accurate specular highlights. 

Phong Shading. A time consuming hut more accurate method is Phong shading. Because 

this approach computes the lighting level and thus a specific color for each pixel in a 

scene, it can provide photo realistic results.

Rav Tracing Finally, the most realistic rendering comes from the ray-tracing algorithm, 

which traces imaginary light rays from the digital camera's image plane to each object's 

surface and light source in the scene.

This method, available in programs such as Big D from Graphics Software and 

Model View from Intergraph can produce strikingly realistic images that elegantly solve 

complex problems such as refraction and reflection. The availability of faster micro

n
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processors, along with decreasing hardware costs, have made ray- tracing a more viable 

rendering alternative, althoughk still can take considerably longer to create an image than 

Phong shading. Clever programming techniques are allowing many o f ray tracing's 

attributes to be effectively mimicked at reduced render times by Phong Tenderers. Given a 

rendering algorithm or mix o f algorithms, visualization programs add tool such as image 

mapping and procedural or 3D textures.

Mapping

The different types of mapping can be classified as:

1. Image Mapping

Bitmaps

Texture mapping 

Bump mapping 

Displacement mapping 

Opacity mapping 

Environment mapping

2. Procedural Mapping

Image Mapping

Image mapping, which is the process of applying 2D bitmaps to 3D scene geometry, 

appears in numerous forms, including texture mapping, bump mapping, displacement 

mapping, opacity mapping, and environment mapping. Most rendering programs provide 

one or more of these, often with the capability to apply more than one type to any given
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object. The ability to freely combine mapping types can make the difference between an 

average-looking surface and a photo realistic one.

Image maps can be applied to an object using planar, cylindrical, or spherical 

projection types that either wrap the texture around or project it through the model's 

geometry.

Texture mapping, by far the most common image map, replaces an object's color 

with a scanned or painted image. This technique is used to simulate intricate texture and 

color such as various woods, marbles, wallpaper, or floor-tile patterns.

Bump mapping used to roughen a surface to produce the look of stucco, sand, or 

orange rind. This process is not dependent on color and works well with gray scale or 

even black-and-white bitmaps. In spite of their bumpy quality, bump-mapped objects 

always appear smooth at their edges and do not produce proper shadows echoing their 

roughness, because bump mapping does not affect the object's geometry directly but only 

affects how its geometry renders.

Displacement Mapping. For more critical applications, displacement mapping is 

used. Here, a bitmap is used to model or reform existing geometry, which then shadows 

correctly. Displacement mapping can be used, for example, to produce a threaded screw 

from a simple cylinder.

Opacity mapping is an extremely useful technique that can be used to make 

specific areas o f a model disappear. For example, convincing trees can be simply and 

efficiently rendered by opacity mapping a complex leaf pattern to a flat polygon. The areas 

without the leaf pattern will reveal the scene background and can save hours of modeling 

and rendering time.
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Reflection Mapping. Producing convincing reflections with a ray-tracing 

program is a relatively simple matter. Getting the same or even similar results from a 

Phong program can be quite a bit more difficult, if not impossible. One approach is that of 

environment mapping. This process, sometimes referred to as reflection mapping, is used 

to simulate highly reflective mirror- and glass-like surfaces with Phong Tenderers. One way 

this method can be used is to project a picture of an entire scene in a sphere lying outside 

the scene. The result is used to create an image map that is then applied to the object.

Environment Mapping. Another type of environment mapping is the cubic- 

environment map, which creates a cubic image map by combining six views taken from the 

object's center (up, down, front, rear, right, and left). As with reflection mapping, the 

image map is then applied to the object. Both approaches can produce surprising and 

useful results at dramatically reduced rendering times.

Procedural Mapping

Recently; procedural and 3D textures have appeared in such visualization 

programs as Autodesk's 3D Studio, Autoshade, RenderStar 2, and many others. This 

method, based on the paradigm pioneered by RenderMan from Pixar, in San Francisco, 

Calif, uses small computer programs to calculate object attributes such as texture, 

reflectivity, and color in one pass, thus avoiding image mapping altogether. Procedural 

shaders provide several distinct advantages over image-mapping techniques. Because they 

are computed point by point across (and through) each object's unique geometry, they are 

seamless. Also, unlike image maps, procedural shader resolution is not fixed, so 

procedural textures can be created at a level of detail appropriate to specific image 

requirements, whether the project is an animation at 512-by-482 pixels or a color

li— B
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transparency at 4,096-by-3,072 pixels. No discussion of rendering is complete without a 

mention of the role that high-quality paint programs such as HiR.es QFX from Ron Scott 

Inc. o f Orem, Utah, Tempra, from Multimedia of Lakeland, Fla., Aldus Photostyler from 

Adobe of Seattle, Wash., or Photoshop (also from Adobe) can play in the process. These 

programs provide an indispensable means o f retouching, composing, and selectively 

enhancing image elements, as well as producing special effects that fall outside the domain 

of most rendering programs. High-resolution paint and masking functions provide you 

with the ability to independently change the color or value of an automobile interior or the 

logo on a package label without affecting surrounding image elements or having to resort 

to re-rendering a complex image.

Animation
An increasing number of visualization programs provide animation capabilities, 

which allow the user to produce a range o f motion sequences extending from simple 

building fly throughs to sophisticated machine simulations.

Computer animation most often means keyframe animation (keyframing). Here, a 

series of essential transitional points in a given motion are placed along a time line 

consisting of 30 images (called frames) for each second of animation. From relatively few 

o f these keyframes, a smooth transition is computed for each in-between frame, 

establishing all of that object s intermediate positions, which are individually rendered 

frame by frame and recorded to videotape. The number of in-between frames is 

determined by the time interval required for that animated segment and how smooth its 

motion must be.

B  Computer Aided Design & Visualization.
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For example, to produce an intricate fly-through of a multistory building, the 

animator only needs to specify each transition point as the camera view moves down 

hallways, up stairs, or through office spaces, animated attributes may vary from program 

to program. However, the basic transformations of translation, rotation, and scaling for 

objects, as well as the animation of camera variables are available. Lighting attributes such 

as position, color, and brightness can also be animated. Animated image maps, hierarchical 

object linking, object morphing, and other more advanced capabilities are less common. 

Animated image maps and surface attributes are useful for producing even transitions from 

wood into painted plastic or to smoothly animate an object from visible to semitransparent 

to invisible.

Hierarchical linking—establishing parent-child relationships between scene 

elements—is essential to imitating real-world physical and mechanical systems, such as a 

walking person. As with a real person, the virtual person's upper leg is connected to the 

knee, which is connected to the lower leg, ankle, and foot such that, when the upper leg is 

moved, all o f the linked elements follow. Using this technique, the animator can force 

lights or cameras to follow specific, scene elements, no matter where or how they move.

Morphing

Metamorphosis (morphing) applies keyframing to 3D object geometry to produce 

a series o f intermediate objects between dissimilarly-shaped models sharing the same 

number of vertices. This ability is useful for making trees appear to blow in the wind or for 

melting or otherwise deforming objects.

Finally, keep in mind that, as with any process exhibiting the complexity and 

potential o f 3D visualization, with increased depth comes an increase in the demands the
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program places on its users. However, the range o f price and functionality, coupled with 

the increase in overall quality o f user interfaces and program documentation, has resulted 

in visualization programs that are easier to choose, to learn, and to use than ever before.

Conclusion

Human beings move through and interact with their surroundings environment in 3 

dimensions. Our powerful senses of vision , hearing and touch are optimized to process 

spatial information. It is these same powerful capabilities that the radically new computing 

technologies are trying to harness. The case studies demonstrated how computing 

technology can be applied to field o f architecture for communication and visualization 

purposes.

There are significant advantages in using the concepts of modeling, rendering and 

animations, explained earlier. Architects of the past often looked with a painter’s eye, but 

architects of the twentieth century have, for both ideological and pragmatic reasons, 

tended to rely on line drawings that abstract away from color, texture, and shading, to 

emphasize pure geometry. Computer aided modeling and rendering create the possibility 

of recapturing the subtle understanding of surface and light, that has, as a result, been lost.

Also this transition to computer aided design creates discomfort among many 

designers. Users of software to solve architectural, landscape, or urban design problems 

may not require anything like the level of skill and experience that we have traditionally 

expected from the designer. For example, hardware stores, now provide computer aided 

design systems that enable customers to design their own timber decks in a few minutes, 

then produce a complete priced bill of materials (Mitchell and McCullough, 1993). Many 

believe, that there will be a de-skilling of designers, a development closely analogous to
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believe, that there will be a de-skilling o f designers, a development closely analogous to 

the de-skilling o f craftsmen that took place in the Industrial Revolution o f the nineteenth 

century.

We can assert traditional design skills and values against this development of 

course, just as traditional craft skills and values were asserted against the Industrial 

Revolution. But it probably represents a losing bet with history. The alternative, if we 

care about architecture, cities and landscape, is to seek critical insight into the conditions 

that now structure a designer’s intellectual work and to find within them ways to extend 

the creative imagination. In, particular, we must try to discover where various different 

kind of software can take us.
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Visualization Tools and Concents

■ Introduction

■ Creating A 3D Model In AutoCAD

■ Transferring The AutoCAD 
Model To 3D Studio

■ 3D Studio: An Overview

■ Conclusion
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INTRODUCTION

This part deals with the implementation of the concepts o f visualization reviewed 

in the preceding sections. It is said that the medium is the message, meaning in part that 

the new media actually change the nature and aesthetics of the content and can impact 

society in ways unforeseen by its pioneers (Burger, 1993). This study is about harnessing 

the technology of the present and building towards the future. We now stand at an 

incredible time in the history of information and human communication. Toady’s 

technology brings the promise of incredible communication powers to virtually anyone 

interested in presenting a message (Mitchell, 1993). The challenge lies in fulfilling that 

promise.

The first challenge lies in understanding what the technology can do and in keeping 

pace with the almost daily advances. The second is in learning enough to chose the right 

tools for the job. The third challenge is perhaps the most important, using the technology 

and tools for effective communication.

This study has tried to address these challenges in a carefully designed and 

orchestrated structure. Part I covered the underlying technology and concepts framed in 

knowledge rather than facts. This background provides the reader with an understanding 

of how things currently work and the means of understanding and interpreting the 

underlying concepts.
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Part II reviews the tools associated with the given technology and . discipline. 

AutoCAD and 3D Studio are chosen as the tools, these being the current industry leaders 

in PC level computing. This will give the reader a solid grounding in the tools Of today, 

and a framework in which to assimilate new products as they evolve.

Also with the help o f an example from the architectural field, a step by step 

procedure outlines the evolution o f a complete 3D model from 2D floor plans. The 

model/graphics are placed on the left hand side of the page, the corresponding 

explanation/process on the right hand side. This format is appreciated by those reviewing 

the project and makes it easier for them to understand. This exemplifies the concepts 

explained in the earlier chapters, and it is hoped that the reader will benefit from the 

example.

The process of transferring the 3D model from AutoCAD to 3D Studio is 

elaborated upon in detail in Chapter 9. Chapter 10 explains the concepts o f rendering and 

animating the 3D model in 3D Studio. Thus, Part II illustrates how to develop a 3D 

model using AutoCAD, transfer it, and render and animate it in 3D Studio. It is hoped 

that the following sections encourage the use of computer graphics in visualization, 

communication as well as presentation purposes.

™  Computer Aided Design & Visualization.........................................................................
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CHAPTER 8

MAKING A 3D MODEL IN AUTOCAD

Second Floor Plan. (Architecture, Modern—
20th century— United States, Dia Nippon, Japan. 1984)

First Floor Plan of The House in Pound Ridge 
Architect: Richard Meier. (Architecture, Modern 
—20th century— United States, Dia Nippon, Japan. 1984)

This chapter describes the entire process of 
creating a 3D model from 2D floor plans in 
AutoCAD. It does so in a step by step 
explanation of each stage in the
development of the model.

For ease o f reading and understanding, the 
models/graphics are presented on the left 
hand side of the page, and the
corresponding explanation/process is on the 
right hand side of the page.

The project chosen is a building by Richard 
Meier. The plan of the building is as shown 
in fig. The entire process o f developing the 
3D model is broken up in various stages. 
Each stage is explained in detail.

The project chosen is an unbuilt house in 
Pound Ridge designed by Richard Meier. 
The plan of the building is as shown in fig. 
The entire process o f developing the 3D 
model is broken up in various stages. Each 
stage is explained in detail.

Description of the Project:
The House in Pound Ridge is designed for a 
rocky wooded site, an interior lot open at 
the center and surrounded by trees. The 
house is entered through a solid frontal 
plane. Inside this plane reveals itself to be a 
thickened “wall” containing kitchen, utility 
space and on the second level, guest 
bedrooms with private roof decks above. A 
spiral staircase giving access to the guest 

; bedrooms is exposed on the facade by a 
two story cut out with curved glazing. The
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Third Floor Plan. (Architecture, Modern—
20th century-—United States, Dia Nippon, Japan. 1984)

rear of the house has the master bedroom 
and the living area. Here there is 270 
degree view, because of the glass walls, 
interrupted only by steel columns. The 
master bedroom has a curved, projected 
balcony.

The design of the house is ideal for a 
wooded site. Fifteen yeas after it was 
designed it still retains its applicability. 
Also it is an ideal project, to demonstrate 
how 3D models can be constructed from 
2D floor plans. The various design 
elements like the spiral staircase, the curved 
projections, and the overall form of the 
building makes it a suitable candidate for 
this project.

The following sections demonstrate the 
various stages in the development of the 3D 
model of this project.

Section. (Architecture, Modern—
20th century-—United States, Dia Nippon, Japan. 1984) Side Elevation. (Architecture, Modern—

20th century— United States, Dia Nippon, Japan. 1984)
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STAGE 1:

To Place Each Floor Plan A t Their
Respective Floor Heights.

•  Create four layers corresponding to the 
four levels, and name the layers as 
level-1, level-2, level-3, a n d  level-4.

• Transfer all entities on floor plan of 
level one to layer “leve l-1 ”, and so on, 
for each level. Transfer all entities on 
the roofplan to layer “level-4

Note: A ll entities when created are 
at an elevation o f  0 in the WCS.

AutoCAD -  PRO.H
_  f i l e  £ d n  y i e w  A s s i s t  Q r a w  C o n s t r u c t  M o d i f y  S e t t i n g s  P e n d e r  M o d e l  H e l p

ipniSilaaiOTZ O'-OOOOr.O'-Q 0000" -  ......

c
o
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K o J

A
e w  c o l o r  < B Y L A Y E R >  7

o n g e  w h e t  p r o p e r t y  ( C o l o r / l A y e r / L T y p e / T t i i c k n e s s )  7  
m m e n d ;  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

AutoCAD - PROJ-1
endcr Model Help

m m m | LEVEL-1 t i # # -5 -0  0000" 4 0 -0  0000"

• Turn off/Freeze all layers, except the 
one whose elevation/floor height has to 
changed.

• Change the UCS. Currently the UCS 
coincides with the WCS.
Com mand: UCS <p

:X
:90<^

Now the UCS is aligned to a plane 
perpendicular to the floor plan.

^  Tip: To change elevations o f  p lans  
rem em ber to align the U C S to a  p lane  
perpendicu lar to the p lan .

tidl Note: The fo llo w in g  section briefly  
explains the concepts o f  U CS a n d  WCS 
used  in the previous com m and sequence.

The user coordinate system, or UCS, 
allows you to define a coordinate system in
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Y
U

wcs
VIEW FROM1 POSITIVE 
Z AXIS

BROKEN .PENCIL PAPER SPACE

The Broken pencil icons appears when 
the UCS is perpendicular to the working 
plane i.e. when the UCS is perpendicular 
to the screen. You cannot draw when 
this icon appears. In order to draw UCS 
has to changed to a different setting.

3D space. You can use all the same 
commands used in 2D drawings and apply 
them to 3D drawings.
As you work with AutoCAD, you will 
notice the L-shaped icon in the lower-left 
comer of the screen. This icon contains the 
letters W, X, and Y. The W  indicates that 
you are currently in what AutoCAD calls 
the World Coordinate System, while the X 
and Y indicate the positive directions of the 
x and y axes. Up until now, you have been 
working in the World Coordinate System, 
or WCS for short, This is a global system 
of reference from which you can define 
other user coordinate systems. It may help 
to think of these AutoCAD user coordinate 
systems as different drawing surfaces, or 
two-dimensional planes. You can have 
several user coordinate systems at any 
given time. By setting up these different 
UCS’s, you are able to draw as you would 
in the World Coordinate System in 2D, yet 
draw a 3D image.

The Paper Space icon appears when the 
‘Tilemode’ variable is set to ‘O’.

rg=>
Tip: Remember that it helps to think 

o f a UCS as a drawing surface situated on 
the surface o f the object you wish to draw 
or edit.

Right Hand Rule:
Both the WCS and UCS are right-handed 
coordinate systems. A  right-handed 
coordinate system is one that follows a 
certain convention establishing the 
relationship between the x, y, and z axes. 
The right-hand rule tells you the direction 
of the z axis in relation to the x  and y axes. 
To be more general, this rule establishes 
the direction of the third axis when you are 
given the orientation of the other two axes.
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The AutoCAD manual explains the 
right-hand rule in terms o f your right-hand 
thumb, index finger, and middle finger. 
Point your thumb in the positive x  direction 
and your index finger in the positive y 
direction. Then, bend your middle finger 
90 degrees, and it will be pointing in the 
positive z direction. This is a c o m m on 
description of the rule, and it seems to 
work for most people.

• Change to the plan view of the current 
UCS.

Command: Plan<P 
:UCS<9

(-<gP=»
Tip : To get to the plan/elevdtion o f 

any side o f the 3D model, first orient the 
UCS along the particular side, then use the 

plan command.

file £dU View Assist Draw Construct Modify Settings Bender Model Help

iSMlGi-2 ESPIES iM  51 '-0.0000". 35'-0.0000"

cSS ......................

i
11■
a #m

N e w  c o l o r  < B Y L A Y E R > :  7
C h a n g e  w h a t  p r o p e r t y  ( C o l o r / L A y e r / L T y p e / T h i c k n e s s )  ?
C o m m a n d :

Note: Instead o f  the floor plan a 
line will be seen, as shown in the figure.

•  Select all entities with a window or 
crossing option and move it 12’.

Command: move 
Select objects: w
Select all the entities with either windows 
or crossing option.
Base Point: 0,0 
Second point: 0,12’ <P

GQ Note: This will relocate the plan at
a height o f 12’ in the z direction o f the 
WCS.
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• . Similarly move level 3 and 4 to a
height o f 24’ and 36’ respectively. •

• The model should look as shown in 
figure.
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IT
File Edit View A<|

B i n G L 2

C o m m a n d :  
C o m m a n d :  d d v p o i n t

AutoCAD - PROJ-2

Set Viewing Angles

© lAbsolutcTo WCSj O  Relative to UCS

1817—;

!

>y.... . y*—0*

:A X'-r

From: X flx is : 1225.0 | XYBlanc: |30.0

W W  S w l  1

STAGE 2:

Creating The Rear Side Wati/Elevation.

This explains how a wall is created in 3D 
with door and window openings.
In order to create the wall you need to 
visualize your model in 3D space.

MJ Note: The following section briefly 
explains the concepts o f  viewing a model in 
3D space.

Viewing A 3d Model
Using the pull-down menu select:

V IE W  >  S E T  V IE W  >  V IE W PO IN TS >  A X E S

You see a screen that helps you visually 
select your 3D view. The three lines 
converging at one point compose the 
coordinate tripod. The cursor position in 
relation to the target's center is your 
viewpoint in relation to your drawing. You 
might think of the target as a schematic 
plan view of your drawing, with the cursor 
being your position in relation to the plan. 
For example, if  you place the cursor just 
below and left to the center, your view will 
be from the lower left comer of your 
overall drawing. If  you place a cursor 
above and to the right o f the center, you 
will view your drawing from the upper ■ 
right corner. By clicking within the 
smaller circle, you can view the model 
from the positive Z axis. By clicking 
between the two circles, you can view the 
model from the negative Z axis.

Using A Dialog Box To Select 3D Views:
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Construct Modify Settings Bender
'  ,l . . . . . . . . . .  . .  . . . . . .  iS E H P3 D W 1

R E D R A W
C o m m e n d :

Another way to select 3D views is by 
indicating an angle in plan and elevation 
using a dialog box graphic.
V ie w  > Set View > Viewpoints > Presets or 
enter Ddvpoints.

' The viewpoints presets dialog box appears. 
The square dial to the left lets you select a 
viewpoint location in plan, similar to the 
target you used earlier. The semicircle to 
right lets you select an elevation of your 
viewpoint.

• After selecting the appropriate 3D 
view, align the UCS along the plane of 
the elevation that has to be created, as 
shown in the figure.

• Create the wall as shown in figure.
This is simply like drawing an 
elevation in 2D, except that you are 
viewing your model in 3D space.

i w 7'" W arning: Remember to make sure 
| that the UCS is aligned to the plane in 

which you are drawing, because i f  you 
don % then it may appear to be in the right 
place, but in reality it is not.

• Draw the openings at each level as 
shown.

Note: The wall outline and the 
window openings should be a closed 
polyline.

Note: The following section
explains in brief the concept o f using the 
subtraction operation in solid modeling.
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Solid model of window 
forms in south wall at 
Ronchamp

Creating Openings In The Wall:
Since, lines, surfaces and solids can be 
regarded as sets of points, we can define 
the set of operations o f union, intersection 
and subtraction on them. They are of great 
utility in solid modeling because they 
provide a very elegant, powerful way to 
construct complex volumes from simple 
ones.
Subtraction: When subtraction operation is 
used, one shape becomes a cutting tool, on 
the other.
Architectural elements that are 
conceptually subtracted (even though they 
may actually be formed some other way) 
can appropriately be modeled by means of 
subtraction operations.
Consider for example, a rectangular solid 
representing a wall. By locating 
translationally swept solids so that their 
sweep axes are perpendicular to the vertical 
faces, then subtracting, you can quickly 
generate simple openings like doors and 
windows. The principle can be generalized 
to produce a much richer variety of 
openings, by locating subtracted solids in 
nonperpendicular location, by subtracting 
non-prismatic solids such as cones and 
spheres, and by subtracting from more 
complex wall solids. Thus, the famous 
window openings at Ronchamp, can 
quickly be created by subtracting angled 
pyramids from a wedge shaped wall.

e Extrude the wall to the desired 
thickness (6” in this case) as shown. •

• Extrude the window openings to 
thickness slightly more than the wall 
thickness.
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AutoCAD -PROJ-33
B £He Edit V iew ^A ssis^Q faw
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R E D R A W

{ C o m m a n d

AutoCAD - PROJ-33
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Extruding A Polyline:
M odel> E xtrude
or Com mand: solext <P
Select objects: pick a closed polyline or a
circle, then press <p
H eigh t o f  extrusion: enter the height <P 
E xtrusion taper angle fr o m  Z  <0>: enter 
the tapering angle, if desired.

tidl Note: You can indicate a  taper fo r  
extrusion. You specify a  taper in term s o f  Z  
axis. You can enter a  negative value to 
taper the extrusion ou tw ard  or p ress  J  to 
accept the default 0, to extrude the polyline  
with out taper, or enter a  p ositive  value to 
taper inw ard

• Subtract the windows from the wall 
solid.

M odel>  Subtract
Select the wall first,
then select the window blocks.

r-'gD
Tip: Rem em ber tha t the thickness o f  

the object yo u  need  to subtract, shou ld  be 
sligh tly  more than the th ickness o f  the 
object y o u  are subtracting  from , fo r  the 
desired  effect. •

• Add the details as per the design. The 
model should now look as shown in fig.
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STAGES:

IP!

Sweeping a circle to 
produce a cylinder

Facet bounding

Translational sweep

Facet bounding

Modeling a box

Creating The Various Design Elements: 
Creating The Semi-Circular And  
Rectangular Projections On The Side 
Wall.

• Select and view the model in an 
appropriate 3d view as explained 
earlier.

• Creating the semi-circular projection.

• Draw a pline of the required shape 
(semicircle in this case) with the 
desired thickness as shown in fig.

t y j  Note: The fo llo w in g  section briefly  
explains the concepts o f  extrusion or sweep  
operations used  to create the sem i-circular  
projections.

Sweep operations and extrusions are 
commonly used in solid modeling systems 
to create new solids. When a closed 
polygon is translated along an axis, its 
zero-dimensional vertices sweep out one 
dimensional edge lines, its one-dimensional 
edges to sweep out two-dimensional facets, 
and two-dimensional surfaces to sweep out 
a three-dimensional volume as shown in
fig-
The usual approach to sweep operations is 
to provide for drafting profiles in a 
construction plane, then translational 
sweeping of closed shapes to produce 
prismatic forms, and rotational seeping of 
open profiles to produce solids of 
revolution, as shown in fig.
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AutoCAD - PFt0.1-3
Elle £dit yiew Assist Qraw Conslruct Modify fellings fie lder Model Help

-24'-9 7655".-0'-4 1530"’C U R V - W A L

C o m m o n d  r e g e n  
R e g e n e r a t i n g  d r a w i n g
C o m m a n d

Using the extrude command explained 
earlier, create the semi-circular 
projection

z \

Translational sweep Sweeping profiles to 
produce moldings
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AutoCAD - PROJ-6
Settings Bender Mgdel HelpEile Edit View Assist Draw Construct Modify

3Q'-6.8107".1 7’-i 1.0945"

Command: "C ancer 
Command: _TOOLBOX
Command

Sphere 1 Cuboid 1 Cylinder 1 Cylinder 2

Creating The Rectangular Projection On 
The Side Wall

Itid] Note: We cannot extrude the 
rectangular pro jec tion  the sam e way, as 
with the sem i-circular projection, because 
one o f  the w all is cham fered  a t the top.

The extrusion now has to place from the 
elevational plane, rather than from the 
plan.

• Align the UCS to the plane of the wall, 
as explained earlier.

• Draw the wall, as you would in 2D, as 
shown.

• Extrude the wall in the z direction of 
the current UCS.

• Repeat the same procedure for the other 
walls.

Now to make the three wall sides as one 
solid object, we need to carry out the 
Boolean operation union  on them.

CQ Note: The concept o f  the spatial 
set o f  operations, “ union, subtraction, and  
intersection in 3D m odeling  was explained  
earlier. The fo llo w in g  section explains 
how  the operation union can be used.

Interesting design strategies follow directly 
from combining the above operations with 
specific geometric constructions. Perhaps 
the most obvious one is to locate solids so 
that their faces are coplanar and then
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perform union operations to build complex 
solid from simple ones. This is closely 
analogous to gluing wooden pieces 
together or assembling cut stone as shown 
in fig.
• Perform the operation union on the 

three walls.

• The walls now act as one solid object.

• The model should look as shown in fig.
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STAGE 4:

Creating The Design Element: Spiral
Staircase.

• Draw the central column and stair tread 
in plan view as shown in fig.

• View the model in 3D space as 
explained earlier.

• Extrude the circle, using the principles 
and concepts explained in the previous 
section, to create the column in 3D.

• Extrude the triangle to the desired 
height to form the tread.

0  AutoCAD-p r o j-7 r
|  F i l e  £ d l t  V i e w  A s s i s t  D r a w  C o n s t r u c t  M o d i f y  g e t t i n g s  B e n d e r  M o d e l  H e l p

1 2 9 - 1 . 7 8 8 9 " 0 ' - 0  0 0 0 0 "

O r i g i n / Z A x i $ / 3 p o m t / E n t i t y / V i e w / X / Y / Z / P r e v / R e s t o r e / S o v e / D e l / 7 / < W o r l d > : x  
R o t a t i o n  a n g l e  a b o u t  X  a x i s  < 0 > '  9 0

• Align the UCS to the plane of the 
elevation of the column.

Com m and: UCS<P 
:X<P 

;90<P

• Change to the plan view of the current 
UCS.

• Copy the tread exactly above the 
existing , such that the bottom and top 
faces of the two treads are coplanar. •

• Switch the UCS to the WCS. 
Com mand: UCS<£

:<?

• Change to the plan view.

• Rotate the tread # 2, using the rotate 
command, and keeping the center of 
the column as the axis for rotation, as
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AutoCAD m O J 9
View A»»jg| Draw Conslmcl Bender Model Help

BASE?

'9 lines: done 100%

shown in the fig.

• Similarly both the treads can be copied 
in the elevation view, and rotated again 
in the plan view to get four treads, and 
so on and so forth.

Tip: In stead  o f  rea lign ing  the UCS  
every time, y o u  can save the orientation o f  
the current UCS.
Com mand: UCS<p 

:save<p
:name<p (type the desired  name) 

In  order to restore the p rev iously  saved  
C/C?
Com mand: UCS<P

: restore <p
: name<p (o f  the previously  saved

C/C%

rys=>^ Tip: Similarly, in stead  o f  sw itching  
back a n d fo r th  fro m  p la n  view  to elevation  
view  to 3D view, yo u  can save the views 
a n d  restore that view  when needed. 
Com mand: View  

: save<p 
: name<p

Note: The fo llo w in g  section briefly  
explains the concept o f  viewports, which is 
extrem ely help fu l too l to visualize your  
m odel fro m  several d ifferent angles.

Tiled Viewports:
Though 3D glasses and virtual reality 
products can place us in the middle of
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computer models, most of us view our 
models on flat two-dimensional computer 
screens and our output is on flat 
two-dimensional paper. For us, AutoCAD 
is not truly 3D; we continue to stare at our 
computer screens, trying to figure out 
which line is which on our 3D model. The 
lack of spatial perception makes it difficult 
to determine which lines are in front planes 
and which lines are in back planes. Worse, 
there are a lot of lines to contend with— 3D 
constructions have many more lines than 
2D ones.
As an aid in visualizing 3D models, 

AutoCAD gives you the ability to divide 
your computer screen into several 
rectangular sections, called viewports, so 
that you can see your model from several 
different perspectives at the same time. In 
some ways, this method is even better than 
true 3D. In the real world, if you want to 
look at the back of some object, you must 
turn it around or move so that you can see 
the other side. With multiple viewports, 
you can see the back of the model at the 
same time you are looking at its front. The 
figure illustrates how multiple viewports 
can help. The upper-left viewport shows a 
plan view of the current User Coordinate 
System. The UCS icon shows the x and y 
origin of the User Coordinate System, but 
it is not possible with this view alone to 
determine the z location. The coordinate 
system x-plane could be on the upper flat 
surface o f the model, on the lower flat 
surface, or floating somewhere in space not 
even near the model. By looking at the 
large viewport on the right, you can see 
that the UCS origin is located on the 
model's upper flat surface 
Multiple viewports are almost like having
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multiple computer screens. Each viewport 
can have a different zoom level and a 
different view perspective. Grid, snap, 
hidden-line removal, and the coordinate 
system icon can be set by viewport. But 
we still have just one 3D model, and any 
changes made to the model will instantly 
show up in all viewports. (Provided, of 
course, that the change is in a location 
shown in all viewports.) Autodesk calls 
these tiled viewports because, like 
ceramic tiles on a floor, they cannot 
overlap, there can be no space between 
viewports, they cannot be moved, and their 
size and shape cannot be arbitrarily 
changed.
Commands always take place in one 
viewport, called the current viewport. The 
current viewport will have a heavier border 
around it than the other viewports, and it 
will be the only one in which the cursor 
cross-hairs shows up. In Figure, the large 
viewport on the right is the current 
viewport. If you move the cursor into 
another viewport, the cross-hairs change to 
a small arrow to show that it is not the 
current viewport. Any viewport can be 
made to be the current viewport by moving 
the cursor into it and pressing the pick 
button. The first press o f the pick button in 
a viewport is a signal to AutoCAD to 
change current viewports. You can even 
start a command in one viewport and end it 
in another. You can, for instance start a 
line, move to another viewport, click the 
pick button to make it the current viewport, 
and then end the line. You can also change 
current Viewports by pressing <Ctrl-V> 
repeatedly, until you reach the viewport 
you want.
The VIEW P O RTS  command, usually
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abbreviated to VP O RTS  is the name of the 
command that creates and manages tiled 
viewports. The easiest way to create 
viewports is to bypass the command and 
use the standard AutoCAD screen pull 
down menu which has icons showing all 
possible viewport arrangements. Just pick 
the viewport arrangement you want, and 
the screen divides into that arrangement.
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pN/OFF/A II/Noongin/O Rigm  <ON> oil 
ICommand:__________

STAGES:

Creating The Design Element: Staircase.

• Draw the profile of the stair as shown in 
the figure, using the principles of UCS 
alignment explained earlier.

• Align the UCS at various positions and 
save the UCS orientations as shown in
fig-

• Switch to UCS orientation 1. Make a 
closed pline of the base of the stair as * •
shown.

AutoCAD - PROJ-22
V iew  A ss is t  Qraw Construct M odify s T t t W ^ R ^ n T ?

•TP a  i r > « i  l  4 ~ ~ _ _ _ _ _ _S T A I R ?

p e w  color (v a r ie s ) 7 '

'Chongs what property (Color/LAyer/LType/Thickness) ?

• Extrude the pline to form a solid base.

• Switch to UCS orientation 2 and 3 and 
extrude the side walls of the stair.

• Switch to UCS orientation 4 and create 
the curved wall as explained earlier.

• Switch to UCS orientation 5 and create 
the dividing wall as shown in fig.

• Draw the tread in plan view and extrude 
it to create the tread in 3D.

• Copy the tread using multiple copy 
option, picking the points as shown in 
figure.

• Switch to UCS 6, 7, 8, and create the 
roof for the stairs as shown in fig.
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Fig. 13. Wireframe View Of The Staircase.
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STAGE 6:

Creating Floor Slabs:

•  Draw an outline o f the entire floor with 
the Pline command for each level

• Extrude the closed Polyline to create 
the floor slabs as shown.

Creating The R o o f :

• Draw the outline of the roof with Pline 
and create the roof slab as explained 
above.

Creating The Parapet Wall:

Create the parapet wall using the following
command sequences

• First align the UCS to the plane of each 
parapet wall.

M o d el > P rim itives
• A dialog box will appear.
• Select the cube
• Click on the two diagonally opposite 

corners of the parapet wall and give the 
height to form the thickness of the wall 
as shown in the figure.
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B. AutoCAD • PH O J37
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■Command:

STAGE?

Creating The Interior Walls, Balcony,
Columns:

• Draw the walls on the floor plan using 
pline command and extrude them 12’ at 
each level as shown in the fig.

• Similarly the columns and balcony are 
created as shown in fig.

IM J  N o te :  In  order to view  the m odel 
with h idden lines rem oved  as shown on the 

fo llo w in g  page, use the solm esh com m and  
or select the fo llo w in g  fr o m  the p u ll  down  
menu.
M odel> D isplay> M esh.
Then select the entities to be viewed.
This p rocess  autom atically  creates surfaces 
on the so lid  objects.

N o te :  R em em ber to perform  the 
operation “union ” on the com ponents o f  
the m odel to make it one object, e.g. walls 
to the floors.
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Fig. 12. Wireframe View Showing Different Levels, Semicircular Wall And Spiral Stairs.
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Fig 16. View showing the floor, columns, and roof.
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tyj Note: The fo llo w in g  section briefly 
explains the concepts o f  E xterna l 
R eferences (Xrefs) which is an extremely 
usefu l tool.

Let us consider for example, that we need 
to create an interior layout for the existing 
floor plan. Name it Interior.dwg.

Now we need to refer to the floor plan to 
create the interior layout. But inserting a 
existing floor plan into a new drawing 
increases the size of the file dramatically. 
Using the INSERT command, we’re 
actually inserting an entirely new Block 
definition into our drawings, when the 
definition already exists once on the hard 
drive. This insertion makes our drawing 
files unnecessary large. This is when you 
would use the external references.

Xrefs allow you to assemble a master 
drawing from a set of component drawings 
even when the components are still under 
construction. As the component drawing 
change, so will the master drawing. An 
Xref is not saved with the drawing file, 
simply reloaded each time you enter he 
master drawing.

The XREF command follows the same 
procedure as inserting a drawing, except 
that the name of the Xref you’ll be 
inserting comes from the name of the 
drawing you will be referencing. To 
reference a drawing, use the Attach option 
in the XREF command.

Command : XREF<£
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The attach option o f the XREF command 
forms a partnership between two drawings. 
The attached option displays the external 
references based upon the last time it was 
saved.

A tilde (~) at the X R E F  to attach: ~ 
prompt will display the file dialog box . 
Select the file to be attached from the 
dialog box.

You may attached as many drawing to the 
current drawing as you like.

Any named objects associated with the 
Xref (such as layers, Blocks, Linetypes) 
will be given new names consists of the old 
name plus a prefix o f | (vertical bar) and 
the Xref name. e.g.
Block name = >  TABLE 
Xref name = >  PLAN 
New Block name will be :
PLAN|TABLE

To look at the layer scheme, weTl use the 
layer dialog box shown in the figure. All 
the layers from the Xref contains the name 
of the external referenced drawing, the 
vertical bar symbol (|) followed by the 
layer name. This placement makes it easy 
to distinguish between the Xref layers and 
the current drawing layers. It also makes it 
easy to freeze the Xref Layers.
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AutoCAD P n O * 3 6
Assisi Draw Construct Modify Settings Render Model Help

Toggle Viewport 
Model Space 
Paper Space
Mview

Command. .TOOLBOX

ESff O O'-e 6806:3-7.5545''"

Entering Paper space. Use MVIEW lo insert Model space viewports.
Regenerating drawing 
Command: ________

CQ Note: The fo llo w in g  section  
explains the concepts a n d  utility o f  paper  
space.

Paper space is a new name and a new 
concept. Paper space is a two-dimensional 
world used to make paper prints of the 3D 
model residing within model space. In 
paper space, you can make multiple views 
of the model, you can add notes and labels, 
and you can make accurately scaled plots. 
Model space is simply AutoCAD in the 
traditional form you are used to, a fully 
three-dimensional space in which 3D 
models are to be created. Everything that 
we've said about the 3D features of 
AutoCAD is about model space.

When you've completed your 3D model, 
you are ready to activate paper space. This 
task is done with the system variable 
TILEMODE. When TILEMODE is set to 
one, AutoCAD operates in model space; 
when it is set to zero, AutoCAD operates in 
paper space (As we will see shortly, you 
still have access to model space from paper 
space.) TILEMODE, as you would 
suspect, has a default setting of one. The 
first time you go from model space to 
paper space may be a little disconcerting 
because the model that you've worked so 
hard on will disappear. The screen will be 
completely blank except for a small 
30-to-60-degree triangle icon its lower 
left-hand corner as shown in fig.

Paper space, as the name implies, acts as an 
electronic piece of paper on which you can 
place borders, title blocks, notes, and so on. 
In many respects, working in paper space is
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Fig 17. Wireframe view showing both the staircases including the balcony.
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like working in model space. You can 
draw, move, and erase entities such as lines 
and circles just as you can in model space, 
but paper space is basically two 
dimensional. The 3D construction 
commands work, but there is no way to 
view them because the 3D viewing 
commands, VPOINT and DVIEW, are not 
allowed. In paper space, the viewpoint is 
always straight down towards the x-y 
plane. Transparent zooms and pans are not 
allowed in paper space either. You will, 
most likely, always set up paper space so 
that it is one-to-one with the real world.

The command MVIEW, which stands for 
Model View will restore your 3D model as 
shown in fig.

Com m and: MVIEW
O N /O FF/H ideplot/F i t/2 /3/4 /R e store
< First Poinf>\ click to pick the top left
corner of the window
< Second Poin(>\ click to pick the bottom
right corner of the window

We used MVTEWs default option to make 
a viewport by specifying one corner and 
then the opposite corner. This option works 
just like any AutoCAD window operation. 
As soon as the other corner of the viewport 
is established, the 3D model will appear, 
looking just as it did in the last current 
model-space viewport. The command 
MSP ACE switches you back into model 
space. The switch to model space isn't as if 
TILEMODE was changed. When you 
issue the MSPACE command, the paper 
space screen remains intact, but the screen 
crosshair cursor will be contained within a 
single viewport as shown in fig. The
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Fig 18. Hidden line remove view of the complete 3D model.
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providing additional evidence that you are 
no longer in paper space. Working within 
model space through these non-tiled 
viewports is very much like working within 
tiled viewports You can change the current 
viewport by moving the cursor to another 
viewport and pressing the pointer-device 
pick button, or by pressing <Ctrl-V>. Each 
viewport can show a different view of the 
model, and each can have different snap, 
grid, and UCS icon settings.

Conclusion

The process of creating a 3D model was broken up in various stages and each stage 

was explained in detail. This process helps in visualizing the entire design in three 

dimension at various stages of the design evolution. Thus not only the exterior form but 

even the interior spaces can be visualized at all stages and even modified if desired, the 

client can perceive the design better and can understand the spaces better. The client can 

also participate in the design process this way. Spaces that seem awkward and elements 

that don’t fit into the design can be viewed from different angles and modified several 

times. Computer graphics can successfully be used in visualization and the architecture 

design process. The model is now ready to be exported to 3D Studio, where it can be 

rendered and animated. The following chapter explains the procedure to successfully

transfer the model in 3D Studio.
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CHAPTER 9

TRANSFERRING THE AUTOCAD MODEL TO 3D STUDIO

In the earlier chapter, the procedure of making of a 3D model in AutoCAD was 

outlined. To render the model, it needs to be transferred to 3D Studio. This sections 

explains the procedure of how to transfer models and drawings from AutoCAD to 3D 

Studio.

A Note o f  Caution: It is a  com m on m istake fo r  AutoC A D  users to believe that 3D

Studio 's m ode! creation tools are in some sense inferior to those available in AutoCAD. 

This is no t the case. A g o o d  fa m ilia r ity  with 3D Studio 's fu l l  com plem ent o f  2D and  3D  

design tools shou ld  leave yo u  with the opinion that 3D Studio is an advanced  3D  

m odeling  program  capable o f  creating com plex models.

D o no t use A utoC AD  as y o u r  prim ary  m odeling too l to avo id  learning how to use 3D  

Studio 's 2D Shaper a n d  3D L ofter or you  w ill sacrifice m uch o f  the pow er o f  this 

application.
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In this chapter, the fundamentals of bringing information from AutoCAD to 3D Studio are 

reviewed. The following are the sections necessary to be reviewed.

* Introduction to DXF and CAD

* Preparing a 3D drawing for DXF conversion.

* Creating a DXF file in AutoCAD.

* Loading 3D DXF files in the 3D Editor

* Importing DXF files in 2d Shaper.

* Importing 3D polylines as paths.

Computer Aided Design & Visualization........................................................................

Introduction To DXF And CAD
The acronym DXF stands for Drawing exchange File. This standard was developed 

by Autodesk to facilitate the conversion of drawings from one CAD application to 

another. The DXF standard has been adopted by a variety of CAD applications, and most 

can translate to and from a DXF file. 3D Studio can use DXF files in a number of ways. 

DXF files containing only lines or polylines composed of two-dimensional points can be 

used as shapes in the 2D Shaper. Three-dimensional polylines composed of a series of 3D 

points can be used as lofting paths in the 3D Lofter and as motion control paths in the Key 

framer. 3D drawings composed of extruded lines and AutoCAD's 3D Faces can be taken 

into 3D Studio's 3D Editor for material assignment and rendering.

For users who are familiar with 3D Studio, the decision to use AutoCAD (or any other 

CAD package) to create these entities is baffling. But for users who are having difficulty 

achieving exactly the results they require, these applications can be invaluable.
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Preparing A 3D Drawing For DXF Conversion

When you import 3D models from AutoCAD or any other CAD application via the 

DXF interface, there are some preparatory steps, that need to be carried out.

First, you should erase or freeze any entities that you do not want to export or 

which 3D Studio cannot accept. These entities include text and 2D entities. 3D Studio will 

not translate these objects into the 3D Editor, but by eliminating them from the DXF file 

you will reduce the time that conversion will take.

Second, you should insure that models created with AutoCAD's AME application 

have been converted into surfaces with the SOLMESH command. 3D Studio will not 

convert wireframe or solid entities that are not composed of 3D Faces.

Third, you should insure that entities you want to be part of separate objects are on 

separate layers or are in separate colors. 3D Studio will import objects by layer or by color 

into the 3D Editor. It is often a good idea to change the names of the layers (if the layer 

method of conversion is used) to names which reflect the objects you wish to create.

^ Tip : I f  a ll walls are on a  single layer or are a single color in AutoCAD , they w ill 

he a  single object when brought into 3D Studio. This can be awhvard. To avo id  this 

problem , p lace  walls that yo u  wish to have created  as independent ob jects on their own 

layer. I f  this is too time-consuming, once the m odel is in 3D Studio select the fa c e s  o f  the 

w all y o u  want to m anipulate in the 3D Editor. Then use the C reate/Facedetach com m and  

to detach those fa c e s  into an independent object. Even i f  you  are not using  AutoCAD, 

yo u  shou ld  fo llo w  as m any o f  the instructions in this section as possible. The elim ination  

o f  extraneous objects, the assignm ent o f  colors a n d  layers and  double-checking to make

Computer Aided Design & Visualization........................................................................
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sure tha t y o u r  objects incorporate 3D  F aces (or entities w hich w ill translate in to  3D  

Faces), w ill help to insure that y o u r  D X F  f i le  w ill be com patible w ith 3D  Studio.

Creating A DXF File In Autocad
Once the model has been prepared for conversion into 3D Studio you can convert 

it into a DXF file. Note that these instructions work just as well for 2D entities that will be 

used in the Shaper, or 3D Polylines that will be used as 3D Lofter paths, as they do for 3D 

models.

Follow the steps below to convert an AutoCAD drawing into a DXF file:

1. Insure that only the objects you wish to convert are visible on screen.

2. Type D X F O U T  at the command prompt in AutoCAD.

3. Enter a file name for the DXF file when prompted.

4. When prompted for the export method, type E for entities.

5. Select the objects you wish to export with a window.

^  Tip : You m ay type A L L  to avo id  creating a  window bu t i f  yo u  are hav ing  difficulty  

bringing  objects into 3D  Studio  via  the D X F  interface, do  n o t type All. S ince A l l  specifies 

a ll objects in the drawing, even the objects on Frozen or O f f  layers, y o u  m ay g e t more  

than y o u  expect, a n d  it m ay be these object that 3D  Studio  cannot accept.

6. When prompted for level of accuracy, hit enter to accept the default; AutoCAD can 

provide more decimal places of accuracy than 3D Studio can accept, so using the default 

will insure accurate conversion.
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Loading 3D DXF Files Into The 3D Editor
After a 3D DXF has been created, you can launch 3D Studio and load the 3D DXF file 

into the 3D Editor. Note that you cannot load the DXF file into any other module since 

the Lofter will only accept single polylines, and the 2D Shaper will not accept 3D entities 

at all.

Follow the procedure outlined below for loading a 3D DXF file into the 3D Editor:

1. Select Files/Load from the Pull Down menus in the 3D Editor.

2. Select the *.DXF button on the right side of the dialog box to tell 3D Studio you want 

to load a DXF file.

3. Select the DXF file you wish to load.

4. Click on OK to exit this dialog box.

5. Select Layer or Color. If you select Layer, all objects on a single layer will be converted 

into a single 3D Studio object. If  you select Color, all objects in a single color will be 

converted into a single 3D Studio object.

W a n tin g ’. D O  select layer or color unless y o u  have read  the 3D S tud io  Reference  

m anua l a n d  have decided  that E ntities is the only option that w ill work. I f  y o u  select 

Entities, this w ill m ake m any sm all entities which y o u  w ill f i n d  d ifficu lt to m anipulate in 

3D  Studio.

6. Determine whether or not 3D Studio should Weld coincident vertices of an imported 

object. If you do not elect to do this, you will not be able to apply smoothing groups to 

this object or unify the object's normals.

W t  Computer Aided Design & Visualization........................................................................
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Fig 15. View showing floors with the interior walls.
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Tip : The W ELD- TH RESH O LD  variable, which can be fo u n d  in the Info, p u ll  

dow n m enu under System s Options, determ ines how> close vertices o f  a  fa c e  m ust be to 

one another before they are welded.

7. Determine whether or not 3D Studio should unify the object normals. If you say Yes, 

3D Studio will insure that the "normals" of an object face the same direction. Remember 

that each 3D Face has a front side and a back side. When you assign materials to an 

object, which is a collection of faces, the material will usually appear only on one side of 

each face. The only exception is when the material is two-sided. This command will 

instruct 3D Studio to insure that all normals are facing the same direction so that the 

materials applied to the object will appear on the outside (or the inside) of an object. If the 

direction that the normals enter into 3D Studio with is incorrect, you can use 

Surface/N orm als/O bject F lip  to have them all face the opposite direction.

Wanting: D o not unify m odels created w ith A uto CAD 's A dvanced  M odeling  

Extension (AME).

8. Determine whether or not you want 3D Studio to smooth your objects. If you select 

Yes and enter a smoothing angle, 3D Studio will apply smoothing groups to the object or 

objects imported based upon the angle between faces. If the angle between two faces is 

greater than the angle specified, they will be assigned to two different smoothing groups 

and a hard edge will appear between them. If the angle between the two faces is greater 

than the angle between 2 imported faces, they will be assigned to two different smoothing 

groups, and a hard edge will appear between them.



W  Computer Aided Design & Visualization.
82

9. Click on OK to exit this dialog box. When you leave the dialog box, 3D Studio will 

begin the conversion process. Once the model has been imported, it is usually wise to 

place a few lights in the scene and then render. This will allow you to see if there are any 

substantial problems with the model prior to assigning materials.

If your model appears to have gaps in it, render again with Force 2 Sided On. If 

the problem is fixed, some of your normals are facing the wrong direction. Use the 

commands under Surface/Normals to manipulate the normals so they are all facing the 

correct direction.

W arning: N ote that rendering a ll im ported m odels with a  tw o-sided m aterial w ill 

solve any prob lem s yo u  m ay be having with normals, but m ay as m uch as double the time 

it takes to render each fra m e  o f  an  animation.

You can elect to apply two-sided materials to problem objects, but you must create these 

materials in the Materials Editor first. This can take time and may require to maintain 

twice as many materials.

Importing DXF Files Into The 2D Shaper

If you have a two-dimensional AutoCAD drawing of an object you wish to loft (like an 

elevation of a building) you may wish to use these objects to loft your model rather than 

recreating the shapes in the 2D Shaper from scratch. When you create two-dimensional 

entities in AutoCAD, or in another CAD application, keep the following rules in mind:

1 3D Studio will ignore any 3D entities when importing DXF files into the 2D Shaper.

2. In order for a shape to be lofted, it must be a closed object. To create closed objects in 

AutoCAD, use the PLINE command. If you have existing entities in AutoCAD which you
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would like to turn into closed polylines, use the PE D IT  command. P E D IT  will allow you 

to turn any line or arc into a polyline and will allow you to join any polyline to any other 

polyline, arc or line as long as the end points of the two entities are on the same X, Y, Z 

point.

After you have created your objects in AutoCAD, and exported as outlined earlier in this 

chapter, you can bring these objects into 3D Studio by following the procedure below:

1. Select Files/Load in the 2D Shaper.

2. Select the *.DXF button.

3. Select the DXF file you wish to load.

4 Click on OK to exit this dialog box, and the entities will be converted.

5. When the import process is finished, use the Zoom Extents button which looks like a 

3D box in the icon panel, to zoom in on the new objects.

You can weld all the entities in the 2D Shaper into closed polygons where vertices are 

coincident using the following procedure:

1. Select all the vertices in the 2D Shaper by choosing Select/All.

2. Select Modify/Vertex/Weld.

3. Click on the Selected button located in the lower right corner of the screen.

4 Click on one of the vertices you wish to weld.

All the vertices which fall under the WELD-THRESHOLD limit will be welded together.
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Tip : To see i f  a  shape can be lofted, use Shape/Assign a n d  select the shape. Then 

use Shape/C heck to check the shape. I f  the shape is OK, y o u  w ill be notified. I f  not, the 

cause fo r  the error w ill be no ted  in  an error d ia log  box.

I f  y o u  are having  a  d ifficu lt time lo fting  m ultiple objects, Shape/Assign each one in turn, 

then use Shape/C heck to check each one. This shou ld  help yo u  isolate the problem  object.

Importing 3D Polylines As Paths

You can import a 3DPOLY created in AutoCAD for use as a motion control path 

or lofting path in 3D Studio. In both cases, the procedure is the same. You must import 

the entity (i.e. a single 3DPOLY) into the 3D Lofter. Make sure that when you create the 

DXF file that the only object in the drawing is the 3DPOLY. Only one object will be 

accepted by the 3D Lofter. A procedure for exporting DXF files from AutoCAD is 

outlined earlier in this chapter.

To load a 3D DXF line composed of a single 3DPOLY into the 3D Lofter, follow the 

instructions below:

1 Select Path/Get/File from the command column from the screen in the 3D Lofter.

2. Select the * DXF button located on the right side of the dialog box.

3. Select the DXF file you wish to load.

4. Click on OK to leave this dialog box.

5. To use this path in the Keyframer as a 3D motion control path, enter the Keyframer and 

select Path/Get/Lofter.

Computer Aided Design & Visualization........................................................................
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Many AutoCAD users elect to use 3D Studio as their primary visualization tools. 

Following the procedure outlined in this section helps the user to successfully transfer his 

model to 3D Studio. The next section explains briefly, the concepts and tools in 3D 

Studio, and how to go about rendering and animating the model imported from 

AutoCAD.
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CHAPTER 10
3D STUDIO: AN OVERVIEW

The preceding chapters explained the procedure to create a 3D model from 2D 

floor plans in AutoCAD. Also the procedure for importing this model in 3D Studio was 

explained. In this chapter the reader will be introduced to 3D Studio and the procedures 

for loading the files, rendering and animating the model will be reviewed. 3D Studio is a 

complete design and animation application. Architects use it to let their clients participate 

in the design process, visualize the exterior and interior of the buildings.

The following topics will be reviewed in this chapter:

•  Introduction to 3D Studio - A Brie! Review.

A review of the modules.

Overview of the 3D Studio user interface.

•  Getting Around in 3D Studio.

Launching 3D Studio.

Loading a project.

Changing modules.

Zooming.

•  Rendering and Animation.

Rendering still images.

Previewing animations.

Rendering animations.

Viewing an animation or a still image.
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INTRODUCTION TO 3D STUDIO - A BRIEF REVIEW

A Review O f The M odules:

3D Studio consists of five modules:

1. 2D Shaper.

2. 3D Lofter.

3. 3D Editor

4. Keyframer.

5. Materials Editor.

Each of the above modules is briefly explained below.

2D Shaper :

The method by which you create complex 3D objects in 3D Studio is based upon 

the way that people used to build ships. Long ago the builders would fashion the sections 

of a boat by bending wood into the correct shape on a large flat floor.

The reader can create the sections of the complex objects that he or she desires to 

build in the 2D Shaper using a number of 2D drawing tools.

Fig 19. 2D Shaper
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3D L o fter :

Once the sections of a object is build, position them in 3D Lofter to create the 

skeleton of the object. In the 3D Lofter, you will take the two-dimensional shapes 

created in the 2D Shaper, position them to create the skeleton of an object and then order 

the 3D Lofter to cover the skeleton with faces. The completed object is automatically 

placed in the 3D Editor for use in an animation.

Fig 20. 3D Lofter
3D Editor :

The 3D Editor is the heart of 3D Studio. In this module, you will adjust and 

position objects created in the 2D Shaper and 3D Lofter, create simple objects based upon 

primitives, place lights and cameras, assign materials and render still images.

In this module, you will delete portions of an object by removing faces, distort

objects by manipulating vertices, scale, rotate and even explode objects into their 

triangular faces.

Users who create 3D objects in AutoCAD will import these objects into the 3D Editor.
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Fig 21. 3D Editor

K e y fr a m e r :

The Keyframer is where one can animate objects. One can establish the number of 

frames in any animation, identify where objects will move to, when they will move to that

location, and how their shapes will change as the animation progresses.

Fig 22. Keyframer
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In the Keyframer, you will also establish relationships between objects. One object 

can pivot around another as it moves. Objects can be trained to follow each others 

motions. You can even make one object change into another.

In addition to animating objects, you will also animate lights and cameras. You can 

order one light to fade over the course of an animation while another changes color. You 

can even instruct a camera to follow a complex path or change its perspective as the 

animation progresses.

Materials Editor:

This module is where you define your materials. You will take image files obtained 

via scanners, video-in cards and paint packages and define materials which look like those 

used in the real world. You can create reflective materials that faithfully show the objects 

in a scene, materials that give objects a textured surface, and materials which make objects

transparent.



Fig 11. Types of Shading and Mapping. (3D Studio Reference Manual, Autodesk. 1993)
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Overview Of The 3D Studio User Interface :

When you first launch 3D Studio, you will enter the 3D Editor. When you enter 

the 3D Editor, it will be a good time to take a moment to become familiar with the 

interface. The user interface is comprised of the following:

1. Cursor.

2. Viewports.

3. Command Columns.

4. Prompt Line.

5. Status Line / Pull Down Menu Bar.

6. Module Title.

7. Dialog Boxes.

8. Edit Boxes.

Each of the above is briefly explained below.

C u r s o r :

The arrow that moves about the middle of your screen when you move your 

mouse is called the cursor. To initiate commands, you position your cursor on command 

options found in the menu along the right side of your screen and click the left-most 

button on your mouse. You will use the same button to locate points in the viewports and 

select objects. To cancel a command, click on the right-most button on your mouse.

Viewports :

The four white areas, or windows, on your screen are called viewports. They are 

labeled Top, Front, Left and User. When you are manipulating objects in 3D Studio, you 

will be able to view them from four directions simultaneously.
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Fig. 24 3D Editor

Viewport Name : Each viewport is labeled with the name of the view it displays. You can 

change what a viewport displays by selecting Views/Viewports and using the dialog box 

to replace the view in a current window with another view. You can also change the view 

of your object in a viewport by selecting that viewport, moving your cursor into that 

viewport and clicking the left mouse button. This activates the viewport which is then 

displayed with a white outline. Then you need only enter the letter associated with the 

view you want to see:

L Left

R Right

F Front

K Back
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B Bottom

T Top

C Camera

U User

Command Columns:

Along the right side of your screen is a list o f menu items. You will use this list to 

initiate commands. If  you select one of the menu options, you will see that the menu gets 

longer. The indented items at the bottom of the list are the options for the 

menu item you selected.

Prompt L ine:

Along the bottom of the screen, in the blank area just beneath the Left and User 

viewports, you will see the prompt line. When you have initiated a command, look here to 

see what information 3D Studio needs to continue.

Status Line/Pull Down Menu Bar :

Along the top edge of the screen, in the area above the Top and Front viewports, 

you will see the status line. When you are working within commands, you will often see 

information shown here about the X, Y, Z location of your cursor, scaling information or 

rotation angles. If  you move your mouse to the very top of the screen and try to touch the 

status line, a new menu will appear. This menu, sometimes called the Pull Down menu, is 

where you will find commands to save files, change views, switch modules and configure 

systems options.

I
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Icon panel At the lower right corner o f the screen, you will find pale squares with 

pictures on them. This collection of buttons is called the icon panel.

Module Title:

At the very top of the command column, you will see the name o f the current 

module. By looking here, you will always be able to quickly identify which module you are 

working in.

Dialog Box :

Some commands, when selected, will bring up dialog boxes which will request 

more information. Dialog boxes have buttons that you can click on, edit boxes where you 

can type information (like the name of a material or the name of a file you want to create) 

and may contain information you need in order to understand what will happen next.

Edit Boxes :

Allow you to enter names. Simply click in the box and begin to type.
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Getting Around in 3D Studio.

Ifctil N o te  : W herever m entioned  C lick on or Selec t a  com m and colum n option, p o in t  

or object, m ove y o u r  m ouse onto the option, ob ject or p o in t a n d  depress the left-m ost 

button on y o u r  mouse.

W herever m en tioned  right-click  on an icon p a n e l icon, move y o u r  m ouse over that icon  

a n d  depress the righ t-m ost button on yo u r  mouse.

W hen y o u  w ish to cancel a  com m and already in progt'ess, depress the righ t-m ost button  

o f  y o u r  m ouse or p ress  the E SC  key on the keyboard.

Launching 3D Studio :

To start 3D Studio, you need to change into the 3D Studio directory and type 

3DS. 3D Studio should start, and you should find yourself in the 3D Editor.

Loading A Project:

When you create animations in 3D Studio, you may create objects in all five 

modules. To save the information in all five 3D Studio modules at one time, you can save 

them to a Project file. In this way, you insure that all the settings, objects and materials 

will be unchanged when you open the project file at a later date.

If  you load a project file, the information in all five modules is replaced. This 

means that any settings you may have changed, like the location of map files, will be reset 

to new values when you load the project.

In addition to saving the information in all five modules to a project file, you can 

save the information in a single module by selecting File\Sct\>e from the Pull Down menus.
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The instructions below will allow you to load one of the projects that came with this book 

to experiment with. You will use these commands often.

To load a project, or a file, follow these instructions:

1. Select F ile  from the Pull Down menus.

2. Select L o a d  P ro ject or L o a d  F ile, depending on which format your file was saved in.

3. Select the file you wish to load. Note that you can change disks by selecting the letters 

to the right of the file selection dialog box. You can go to the root directory of the current 

hard disk by selecting the Y You can move up one directory by selecting the .. button.

If  you use File/Save in any single module, instead of File/Save Project, then only 

the information in that module is saved. You may load the file back into that module at a 

later date without disturbing the settings or data in the other modules. You may find that 

some of the settings, such as map paths, need to be- set again.

Tip : I f  y o u  w ish to m erge two anim ations together; yo u  can lo a d  one a n d  then use 

P roject/M erge or F ile/M erge in the 3D E d itor to a d d  the second one to the first. You w ill 

then en d  up w ith a ll the objects, lights a nd  cam eras in both f i le s  loaded  into 3D Studio.

Projects are usually stored in the C:\3DS3\PROJECTS directory and have the 

extension .PRJ. 3D Editor and Keyframer files are usually stored in the 

C:\3DS3VMESHES directory and have the extension .3DS. 2D Shaper files are stored in 

the C:\3DS3\SKLAPES directory and have the extension .SHP. 3D Lofter files are stored 

in the C:\3DS3\LOFTS directory and have the extension EFT.
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Changing Modules :

In order to see what objects are in the project file, you must change modules. As 

we noted earlier, 3D Studio has five modules, the 2D Shaper, 3D Loiter, 3D Editor, 

Keyframer and Materials Editor.

To change modules, follow the instructions below:

1. Select Programs from the Pull Down Menu bar along the top of the screen.

2. Select the module you wish to enter.

rg=»
^  Tip : You can change m odules w ithout using  the P u ll D ow n m enu bar by using the 

fo llo w in g  fu n c tio n  keys w hich are fo u n d  a t the top o f  yo u r  keyboard.

FI 2D Shaper

F2 3D Loiter

F3 3D Editor

F4 Keyframer

F5 Materials Editor

Repeat Steps 1 and 2 above, or use the fiinction keys to change to all five modules. When 

you are done, return to the 3D Editor by pressing the F3 key.

If  you want to see the objects in a module as large as they can be in all the 

viewports in the module, you can use the Zoom Extents icon found in the 2D Shaper, 3D 

Loiter, 3D Editor and Keyframer.

Follow the instructions below to Zoom Extents in all four view-ports. Note that 

these instructions work in all the modules listed above

1. Move your mouse to the icon panel in the lower right corner o f the screen.
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2. Right-click on the Zoom Extents icon

^  Tip : In  general, the Zoom  icons ou tlined  below w ill perform  their fu n c tio n  in a ll  

view ports i f  y o u  R igh t-c lick  a n d  w ill perform  only in the selec ted  view port i f  y o u  click  

using  the le ft m ouse button.
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X
A Review Of The Zoom Icons Is Provided Below:

Z o o m  O u t : Moves you 50% farther away from the objects in a viewport 

or viewports so you can view a larger area.

Z o o m  I n  : Moves you 50% closer to the center of the viewport or 

viewports so you can see the objects near the center o f the screen better. 

P a n  : Allows you to pick a point in a viewport and then place that point

\x
y \

r - - i
i i 
i___ i

where you want it to appear. This allows you to change your view
>

without zooming in or out. You cannot use this command simultaneously 

in multiple viewports.

| Z o o m  W indow  : Allows you to pick two points in a viewport to show the 

■ area you want to zoom into. You cannot use this command simultaneously
T
' in multiple viewports.

; F u ll  Screen  Toggle : Allows you to make one viewport fill ah entire 

! screen or replace a full screen display with multiple viewports. You 

i cannot use this command simultaneously in multiple viewports.

Other Icons Include:

A x is  Tripod  Ic o n  : Adjusts the angle of view of User viewports. Use the 

mouse or arrow keys to rotate modules in 3D Editor and Keyframer. 

Local Axis Icon : Forces objects to rotate around their own center rather 

j than the global axis.
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RENDERING AHD ANIMATION.

In this section the process o f rendering still images as well as animations is 

reviewed. Also the procedure to create, preview and view animations is reviewed.

Rendering Still Images :

To render a still image of your objects as they are currently defined, you will use 

the Renderer/Render View command. There are a number of parameters you must review 

when you render a still image, and these parameters are introduced here.
rg=>

Tip : You can also render still im ages in the Keyfram er:

1. Select Renderer/Render View from the command column along the right side of the 

screen.

2. Click in the view you wish to render. You may have to do this twice, once to make the 

view active and once again to select that viewport as the one you want to render.

3. Determine the shading limit for this image. Flat provides the lowest quality of rendered 

image but renders quickly. Gouraud provides the next level of quality but renders more 

slowly. Phong and Metal provide the highest level of rendered image but render slowest. 

You must use Phong or Metal with complex materials that incorporate Bitmapped images. 

Phong and Metal are very similar in output, but Metal simulates a metallic effect.

4. Configure the output alternatives if necessary. I f  you wish to do this, select the 

Configure button. The following dialog box will appear:
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Render Still Image

Shading Limit

Anti-aliasing 
Filter Maps 
Shadows 
Mapping 

Auto-Reflect 
Force 2-Sided 

Force Wire 
Hidden Geometry 

Background

Flat I Gouraud 
Phong £  Metal

Show

Viewport CameraOl

Rescale 1

Off

I Configure . . .  
File Type 

Driver 
Resolution

FLIC

300x200x1.00

Off
Off
Off

Hide
Tile

MBFBBS

I 1 ' i 11 "  M |

Video Color Check 
1 Pixel Size 1.00

Render Alpha No

Gamma Correction On

—  i S : |HafdCopy r vI Net ASAP | Net Queue

I Render f Cancel f l

Fig. 25. Render Still Image Diaog Box.

In this dialog box, you can select the type of file you wish to render, the driver 

used to create the file, the palette (or selection of colors) that 3D Studio should use and 

the resolution of final image. You must click on OK to exit this dialog box.

# z' W arning  : N ote that the K eyfram er a n d  3D E ditor have slightly  d ifferent device 

configuration d ia log  boxes.

5. Change the rendering options if required by selecting the Options button.

The video color check button will allow you to determine if 3D Studio checks 

rendered images for colors which cannot be displayed on an NTSC (television) screen. 

These colors will render in black. By default, this option is Off

The Pixel Size option allows you to determine whether or not 3D Studio smoothes 

the edges of objects without softening them. This can help to eliminate streaks on the 

edges of objects. By default, the value is set to 1.40.
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Gamma Correction allows you to tailor 3D Studio to render images accurately on 

your output device. Generally, there are colors toward the middle of the spectrum that 

screen monitors and output devices have a great deal o f difficulty displaying. In order to 

get those colors to render correctly, other colors in an image are often distorted. Gamma 

Correction, when enabled, tells 3D Studio to correct for this problem so that difticult-to- 

display colors are changed to display accurately and easy-to-display colors are not 

modified. To work properly, you should configure your Gamma values based upon the 

instructions in the 3D Studio Reference manual. By default, this option is On.

The Render Alpha button determines whether or not 3D Studio renders 

transparency information for TGA files.

б. Determine rendering parameters.

Anti-aliasing should almost always be On since it helps to eliminate all jagged 

edges oh objects. Release 3 has a new analytical anti-aliasing algorithm which is very fast 

and very accurate.

Filter Maps, which are incorporated into materials, take longer to render than 

standard Bitmapped materials do. By turning Filter Maps off, your image may render more 

quickly. By default you should leave this option On.

Shadows can be turned off if you wish to check the position or color of materials 

without waiting for the shadows to render.

Turning mapping off turns off all complex materials in the image 

Auto-Reflect enables or disables the rendering of automatic reflection maps incorporated 

into materials. By default, this option is On.

Force 2-Sided, when enabled, forces 3D Studio to render materials on both sides 

of all faces in the image. By default, this option is Off.
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W  ' W arning'. B y  default, 3D Studio  only renders the normal, or outside, o f  a  fa ce . A  

fa c e  can he im agined  a s  a  triangular p iece  o f  opaque plastic. A l l  3D  S tud io  m odels are  

com posed  e ffa c e s .

These are the fa c e ts  y o u  see on eve iy  object in the 3D  Editor. You can see a ll the fa c e s  o f  

a ll y o u r  objects i f  y o u  select D isplay/G eom etry/A ll Lines. I f  yo u  generate m odels inside  

3D Studio, the fa c e s  w ill alw ays be genera ted  so  they fa c e  out, aw ay fr o m  the center o f  

the object. S ince this is the case, 3D Studio autom atically cuts its w ork  in h a l f  by  

applying  m ateria ls on ly  to the side o f  the fa c e s  tha t are po in tin g  aw ay fr o m  the center o f  

the object (i. e. the normal).

M odels  genera ted  in other CAD applications, like AutoCAD , som etim es have  

their fa c e s  p o in tin g  the w rong direction. I f  y o u  im port these m odels a n d  render them, y o u  

w ill see gaps in y o u r  objects. This is because 3D Studio  is no t rendering the backs 

offices. I f  you. turn Force 2-S ided  on, the gaps w ill g o  away, but y o u r  objects w ill take 

longer to render.

Background Rescale or Tile will determine if backgrounds placed behind scenes using 

Renderer/Setup/B ackground  are scaled to fill the area behind the objects or are repeated 

to fill that area. Tile is the default.

7. Select your output alternative. Display will render the image to the screen. With no 

Display, the image will not appear on the screen. This option is somewhat faster. If  you 

are using the network rendering capability, you can select one of the network options. If 

you have an output device configured as outlined in the 3D Studio Installation manual, 

you can select Hardcopy. The default option is Display.

8. Determine whether or not the rendered image is saved to disk.

H  Computer Aided Design & Visualization.
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W /x W arning  : I f  y o u  do no t insure that D isk  is on, the im age that renders on y o u r  

screen w ill n o t be saved  to a  f i l e f o r  later viewing. I f  y o u  decide y o u  w ant to save the very  

last rendered  im age to a  file , y o u  can select Renderer/Save Last. I f  y o u  save every image 

y o u  render to disk, y o u  w ill quickly run ou t o f  space on y o u r  hard  disk. N ote  that 

rendered  im ages are saved, by default, to C:\3D S3\IM AG ES. This m eans y o u  w ill always 

have to change to that directory to view images.

9. Click on Render to start the rendering process. If  you selected Disk, you will see a file 

selection dialog box; otherwise, the rendering will begin. You can cancel the rendering 

operation at anytime by pressing ESC.

After a short period of time, a rendered image will be displayed upon your screen. To 

remove this rendered image, press the ESC key.

Previewing Animations :

3D Studio allows you to preview animations in the Keyframer before you render 

them. This allows you to insure that the movement in a scene is correct prior to rendering 

the final animation, which may take a great deal of time.

To create a preview, follow the instructions outlined below:

1. Select Preview/Make from the command column.

2. Click in the viewport you wish to create the preview for. Note that you can create a 

preview or an animation for any viewport. For this example: Select the User viewport. 

Note that you may have to click twice, once to make this the active viewport and a second 

time to select this viewport as the one in which you want to create a preview.

™  Computer Aided Design a  V isualization-.......................... .... .............................. ....
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3. Determine whether you want the preview to show Faces, Faces + Lines, or just Lines. 

The best preview shows only faces but takes the longest to create. Lines takes the least 

amount of time to render but also provides the least information.

4. Determine whether or not you want the Preview frames to be numbered. If you say 

Yes, you can use these numbers to determine which frames, if any, may need adjustment.

Fig. 26 Render Animation Dialog Box.

5. Determine the Rendering Resolution by selecting one of the option buttons. The smaller 

the number of pixels previewed, the faster the Preview operation.

6 Determine whether or not the materials in the animation are two-sided. If you are 

rendering the backs of faces, as is common in architectural walkthroughs, selecting Yes 

will insure that you see the backs of walls.

7. Determine which frames need to be rendered. Select All to render all frames, Segment 

to render all the frames in the active segment as defined using Time/Define Segment, 

Single to render the current from and Range to render a sequence of frames.
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8. Determine how many frames to skip during the preview process by entering a value in 

the edit box next to Every Nth Frame. If  you enter 1, 3D Studio will render every frame. If  

you enter 2, 3D Studio will render every other frame.

9. Click on Preview to create the preview.

3D Studio will generate a preview based upon the information you have entered. 

After the preview has been created, it will play repeatedly. You can slow down the speed 

at which the preview is played by pressing the left arrow key on your keyboard. You can 

increase the speed at which the preview is displayed by pressing the right arrow key on 

your key-board. You can stop playing the preview by pressing ESC.

Rendering Animations :

To create a finished animation, you must render the objects in the Keyframer.

Many of the settings in the Keyframer rendering dialog box match those in the 3D Editor 

dialog box and will not be reviewed again.

Follow the instructions below to render an animation:

1. Select Renderer/R ender View from the command column along the right side of the 

screen. '

2. Click in the view you wish to render. You may have to do this twice, once to make the 

view active, and once again to select that viewport as the one you want to render.

3. Determine the rendering parameters.
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W '' W arning: I f  y o u  elect to change the rendering configuration to outpu t Targa or G IF  

file s , rendering  an  anim ation w ill result in a  large num ber o f  sequentia lly  num b ered file s  

being crea ted  in y o u r  C :\3D S3\IM AG ES directory.

4. Determine which frames are rendered. To render the current frame, select Single. To 

render all the frames select All. To render a range of frames, select Range and enter the 

starting and ending ranges. For more information about rendering segments, see the 3D 

Studio Reference Manual.

5. Determine if 3D Studio renders every frame or skips frames to save time. If  you wish to 

render every other frame, enter 2; every third frame, enter 3; etc.

6. Determine what should be done with the rendered animation. If  you want the rendered 

image simply to be displayed on the screen, select Display. If  you want the rendered image 

sent to a printer or film recorder, select Hardcopy. If  you want to save the still image onto 

disk, select Disk.

•  'W a r n in g  : N ote that i f  yo u  do no t select Disk, the com puter w ill create each fra m e  

o f  the anim ation but w ill no t store any o f  them. This m eans that y o u  w ill n o t be able to 

replay the anim ation. You shou ld  always select D isk  unless you  are rendering  a  

singlefram e to test the im age .

7. Click on Render to render the animation.

8. Provide a name for the animation. Note that the animation is being saved in the 

C:\3DS3\IMAGES directory.

The animation will take some time to render. You can watch it rendering by 

pressing the space bar, but this increases the rendering time.
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Viewing An Animation Or A Still Image :

After the animation has been created, you will be returned to the Keyframer. To 

view the animation, follow the instructions below:

1. Select Renderer/View/Flic.

2. When the file selection dialog box comes up, select the Flic file to view.

3. Click on OK to play the animation.

The animation will play over and over again until you press ESC.

Tip : You can pause  the p layback  o f  an anim ation by p ressin g  the dow n arrow on 

y o u r  keyboard. P ress it to start again. You can determ ine the speed  a t w hich an  

anim ation p la y s  by selecting  Preview /Set S peed  before y o u  begin the p la yb a ck  or by 

using  the le ft a n d  righ t arrows while the p la yb a ck  is in progress.

You can view a still image by following exactly the same series of instructions, except you 

should select Renderer/V iew /Im age  to bring up the file selection dialog box.

Exiting 3D Studio :

You can exit 3D Studio by selecting F ile/O uit from the Pull Down menus. You will be 

warned if you have any unsaved files. If you do, you can change into that module and 

select File/Save or save the data in all five modules to a project file with File/Save Project. 

You can also exit 3D Studio by typing Q.

m  Computer flitted Design & Visualization........................................................................
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Conclusion
So far, with the help of a project, the process o f creating a 3D model from 2D 

plans was outlined. Also the procedure to export this model to 3D studio via DXF files 

was explained. And in this chapter the tools and concepts necessary to render and animate 

the object in 3D studio were explained. Because of the limitations o f time and resources 

available here, it is acknowledged that the process of rendering and animating the model, 

similar to that of the creation of the model, has not been outlined here. Nevertheless, it is 

hoped that, the ideas and explanations presented here are sufficient for the reader to 

explore the process further. It is to be noted that 3D Studio is a extensive rendering, 

modeling, and animation software, and the concepts and explanations presented here are 

just a stepping stone for the reader to continue his/her exploration.
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CHAPTER 11 

CONCLUSION

This study was aimed to encourage the creative and efficient use o f computer 

graphics in architectural visualization. It is hoped that this study has provided the reader 

with the necessary background to understand how things currently work. It is also hoped 

that the study has provided the reader a solid grounding in the tools of today and a 

framework in which to assimilate new products as they evolve.

New tools and new thinking go together. We can debate whether the techniques 

and tools of architectural drawing emerged in response to the growing need of an 

increasingly complex society to separate design from construction or whether the 

invention of architectural drawing initiated this separation. Either way, the intellectual 

activity of exploring and proposing possibilities long ago hived off from the physical 

activity of creating realities. A first step, was perhaps, to sketch a full scale layout on the 

ground or a profile on the stone to guide a mason’s work. By the time of Alberti, 

drawings had become inexpensive and portable, so that the work of the designer could be 

removed in time and space from the construction site: the project represented in drawings 

became an independent entity. Now designers could make projects not only for execution, 

but for imaginary clients and sites. Architecture could comprehend fantasies and utopias.

With the computer comes a further disengagement of ideas from matter. Designs 

break free from the paper plane: the project becomes a collection of symbols in the
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computer memory. The computer can manipulate these symbols automatically at 

incomprehensible speed, to help produce ideas that we could not think of ourselves. The 

computer display becomes an electronic cave in which the visible shadows o f those ideas 

flicker and dance at our command.

When tools are new (as the computer still is) they often seem strange and are 

understood in contrast to their predecessors. The automobile was first seen as a horseless 

carriage, the radio as a wireless telegraph, and the designers computer as a nonmanual 

drafting device. But with time, as use becomes commonplace and more mature 

understanding develops, the old comparisons sound increasingly quaint and are discarded. 

The technology becomes transparent. Today’s motorist have long forgotten that they 

were engaged in horseless travel, and tomorrow’s architects will smile at the idea of 

pencil assisted design. Chroniclers of future era may one day ask, “What was computer- 

aided design?” . To them, it will just be design.
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GLOSSARY

2D Shaper (page 87)

3D Loiter (page 88)

3D Editor (page 88)

Alias : High end animation software fro IBM RS 6000 and Silicon Graphics 

ASG : Third party architectural program for Autocad 

Auto Architect: Third party architectural program for Autocad 

Bitmaps (page 39)

Bump mapping (page 39)

Displacement Mapping (page 40)

DXF (page 79)

Environment Mapping (page 41)

Flat Shading (page 38)

Gaurand Shading (page 38)

Image Mapping (page 39)

KeyFrame (Page 31)

Mapping (page 

Material Editor (page 89)

ModelSpace (page 74)

Microstation : PC based CAD software by Intergraph 

Model View : Rendering and Animation software by Intergraph 

Paper Space (page 73)

Phong Shading (page 38)

Ray Tracing (page 38)

Shading (page 39)

NURBS : Non Uniform Rational Bspline

Opacity Mapping (page 40) ,

Reflection Mapping (page 41)

Softimage : High end animation software fro IBM RS 6000 and Silicon Graphics
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Texture Mapping (page 40)

TileMode (page 73)

TDI’s Explore : High end animation software fro IBM RS 6000 and Silicon Graphics 

UCS (page 51,52)

Vertex-level: Editing/creating a model or surface by selecting vertices 

Viewports (page 65)

Wavefront: High end animation software fro IBM RS 6000 and Silicon Graphics 

WCS (page 51,52)

Xref (page 71)
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APPENDIX fl

PROFESSIONAL ORGANIZATIONS

ACM (Association for Computing Machinery)
11 West42nd street.
New York, NY 10026
(212) 869-7400.

Electronic Artists Group.
P.O. Box 580783 
Memphis, MN 55458.

IMA (International Multimedia Association)
3 Church Circle, Suite 800 
Annapolis MD 20401 
(410) 626 1380

IMA (International MIDI Association)
5316 West 57th Street 
Los Angelos, CA 90056
(213) 649 6434

NCGA (National Computer Graphics Association)
2722 Merrilee Drive, Suite 200 
Fairfax, VA 22031 
(800) 224 6242

Software Publishers Asociation 
1730 M S t. NW Suite 700 
Washington DC 20036 
(202) 452 1600

Also, enrollment is possible through CompuServe, to AutoCAD and 3D Studio subscribers 
group. 1-800 848 8990
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A ppendix B

Product Listing

3D Modeling Rendering Software

3D Studio 
PC
23320 Marinship Way,
Sausalito, CA 94965 
(800) 525-2763

Alias Upfront
PC, Mac
Alias Research Inc.
Style Divison 
P.O. Box 202347 
Austin Tx 78720 
(800)447 2542

Design Cad 3D 
PC
DesignCAD Inc.
One American way 
Pryor OK 74361 
(918) 825 4848

Envision
Mac
ModaCAD Inc 
1954 Cotner Ave 
Los Angelos, CA 90025 
(310)312 6632

Macromind 3D
Mac, PC 
Macromedia Inc 
600 Townsend Street 
San Francisco 
CA 94103 
(415) 422 0200
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MacroModel
Mac, PC 
Macromedia Inc 
600 Townsend Street 
San Francisco 
CA 94103 
(415) 422 0200

ModelShop n
Mac
Macromedia Inc 
600 Townsend Street 
San Francisco 
CA 94103 
(415) 422 0200

NetRenderman
Mac, Unix 
Pixar
1001 W. Cutting Blvd 
Richmond CA 94804 
(510) 236-4000

Renderman Developers Kit
PC
Pixar
1001 W. Cutting Blvd 
Richmond CA 94804 
(510) 236-4000

StrataVision
Mac
Strata Inc
2 West St George Blvd, Suite 2100 
Saint George, UT 84770 
(800) 333 2538

Topas and MacTopas
PC, Mac
AT&T Graphics Software labs
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3520 Commerce Crossing Suite 300 
Indianapolis, IN 46240 
(317) 844 4364

Animation Software

3D Studio 
PC
23320 Marinship Way,
Sausalito, CA 94965 
(800) 525-2763

ADDmotion
Mac
Mortion Works Inc 
1020 Mainland Suite 130 
Vancouver, British Columbia,
Canada V6B2T4

Animation Works
PC, Mac.
Gold Disk Inc.
385 Van Ness Suite 110 
Torrance, CA 90501 
(310) 320 5080

Animation Works Interactive 
PC
Gold Disk Inc.
385 Van Ness Suite 110 
Torrance, CA 90501 
(310)320 5080

Autodesk Animator and Animator Pro 
PC
Autodesk Multimedia Bussiness Unit 
2320 Marinship Way, Sausalito CA 94965


